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O© A retroviral protease inhibiting compound of the formula 
"A - X - B 

©or a pharmaceutically acceptable salt, prodrug or ester thereof. Arere<r x s a mk.r- -cuo: 
A is 

(1) substituted ammo. tr^ ^ ( 

(2) substituted caroonyi. 

(3) 'unctionatizecJ :mino. a yj— - r - 
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(4) functloniii/td tlkyl, 
(&) functionallied acyl. 
(8) functionailzed heterocyclic or 
<7> functionated (heterocycllc)alkyi: and 8 is 
1 substituted carbonyl independently defined as herein 

(3 k"ct,ona «ed ,m,no independently defined as herein 



376 



90377152 



/ 



EP 0 402 646 A1 



to 



is 



RETROVIRAL PROTEASE INHIBITING COMPOUNDS 

This is a continuation-in-part of U.S. Patent application Serial No. 456.124. filed December 22 1989 
which ,s a continuation-in-part of U.S. Patent application Serial No. 405.604. filed September 8 1989 which 
is a continuation-in-part of U.S. Patent application Serial No. 355.945. filed May 23. 1989. 

Technical Field 

This invention was made with Government support under contraci number AI27220-01 awarded by the 
Nat.or.al Institute of Allergy and Infectious Diseases. The Government has certain rights in this invention 

The present invention relates to novel compounds and a composition and method for inhibiting retroviral 
proteases and in particular for inhibiting human immunodeficiency virus (HIV) protease, a composition and 
method for treating a retroviral infection and in particular an HIV infection, processes for making such 
compounds and synthetic intermediates employed in these processes. 

Background Art 



Retroviruses are those viruses which utilize a ribonucleic acid (RNA) intermediate and a R In- 
dependent deoxyribonucleic acid (ONA) polymerase, reverse transcriptase, during their life cycle Retro- 

»o viruses include, but are not limned to. the RNA viruses of the Retroviridae family, and also the DNA viruses 
of the Hepadnavirus and Caulimovirus families. Retroviruses cause a variety of disease states in man 
animals and plants. Some of the more important retroviruses from a pathological standpoint include human 
immunodeficiency viruses (HIV-1 and HlV-2). which cause acquired immune deficiency syndrome (AIDS) in 
man. hepatitis B virus, which causes hepatitis and heoat.c carcmomas in man. human T-ceil lympnotrophic 

as viruses I. II. IV and V. which cause human acute cell leukemia, and bovine and feline leukemia viruses 
which cause leukemia in domestic animals. 

Proteases are enzymes which cleave proteins at soecific peptide bonds. Many biological functions are 
controlled or mediated by proteases and their complementary protease inhibitors. For example the 
protease renin cleaves the peptide ang.otens.nogen to produce the pept.de angiotensin l. Angiotensin l is 

M further cleaved by the protease angiotensin convert.ng enzyme (ACE) to form the hypotensive peptide 
angiotensin II. inhibitors of renin and ACE are known to reduce high blood pressure m v.vo. An inhibitor of a 
retroviral protease should provide a therapeutic agent »or diseases caused by the retrovirus. 

The genomes of retroviruses encode a orotease that is responsible for the proteolytic processing of one 
or more polyprotem precursors such as the pot and gag gene products. See Weiimk. Arch. Virol. 98 i 

as (1988). Retroviral proteases most commonly process the gag precursor mto core proteins. *nd also process 
the pol precursor into reverse transoptase and retroviral protease, in addition, retroviral proteases are 
sequence specific. See Pearl. Nature 328 482 (1987). 

The correct processing of the precursor nonproteins by the retroviral protease is necessary for the 
assembly of infectious virions. It has been shown that in vjtro mutagenes.s that produces protease-defective 

<o virus leads to the production of immature core forms which lack infectwty. See Crawford. J. Virol 53 899 
(1985); Katoh. et al.. Virology 145 280 0 985). Therefore, retroviral protease .nh.b.t.on provides an attTictive 
target for antiviral therapy. See Mitsuya. Nature 325 775 (1987). 

Current treatments for viral diseases usually~!nvoive administration of compounds that inhibit viral DNA 
synthesis. Current Ireatments for AIDS (Dagan.. Chem. Eng. News. November 23. 1987 pp. 41-49) involve 

45 administration of compounds such as 2 .3 -d.deoxycytidme. tnsodium phosphonoformate. ammonium 21- 
tungsto-9-antimoniate. i-beta-0-r.bofuranosyl-t.2.4-tnazoie-3-carboxamide. 3 -azido-3 -oeoxythym.dine and 
adriamycin that inh.bit viral DNA synthesis: compounds such as AL-"21 and polymannoacetate which may 
prevent HIV from penetrating the host ceil; and compounds wh, C h treat the opportumstic elections caused 
by the immunosuppression resulting from HIV .nfection None of the current AIDS treatments have proven 

so to be totally effective m treating and or reversing the disease, m addition, many of the compounds currently 
used to treat AIDS cause adverse side effects including i 0 w piateiel count, renal to»«oty and bone marrow 
cytopema. 

Inhibitors of HIV protease are disclosed by Moore. 8iochem B.oohys Pes Ccmmun 159 42C 0 989) 
Billich. J. Biol. Chem.. 263 1790S (1988): Richards. FEBS Lett.. 247 1 13 n989i Mmer Science 246 1149 
(1989): Meek. Nature 343 90 (1990): McQuade. Scence 247 4S4"h990>. Sigai et ai Europea*rT~Patent 
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Application No. EP0337714. published October 18. 1989. Kempf, et al.. PCT Patent fi miration n« 
WO89/10752. published November ,6. 1989; MoHing. et a... European Paten, Applied No EP^sS' 
pubhshed February 14. 1990: Sigal. et al.. European Patent Application No. EP3S7332. published March 7 
1990; Handa. et al.. European Patent Application No. EP346847. published December 20. 1989 Desolms J 
al. European Patent Application No. EP356223. published February 28. 1990: Schirlin. et al Eurooean 
Patent Application No. EP362002. published April 4. 1990; Dreyer. et al.. PCT Patent Application No 
^WS^published January 25. 1990; and Hanko. e, a... European Paten, App IiC aTon^ EP3T1W^ 

U.S. Patent No. 4.652.552 discloses methyl ketone derivatives of tetrapeptldes as inhibitors of viral 
proteases. U.S Patent No. 4.644.055 discloses halomethyiketone derivatives of peptides as inhibitors of 

viral proteases. 

None of the references mentioned above disclose or suggest the invention claimed herein 
The compounds (A-X-B) shown in Table 1 are disclosed in the following list of references None of 
these references disclose or suggest the use of these compounds as inhibitors of retroviral protease or as 
antiviral agents. w 

1. S.Apparao. et al.. Synthesis, 896 (1987). 

2. A. Padwa, et al.. J. Chem. Soc. Perkin Trans. I. 2639 (1988). 

3. M. McKervey, et al.. Tet. Let., 23 2509 (1982). 

4. M. Fujiwara. et al.. Chem. Abstr. 91:149446. 

5. C. Piantadosi. et al., J. Med. Chem.. 19 222 (1976). 

6. M. Midland, et al. J. Org, Chem., 39 732 (1974). 

7. R. Dybas, et al.. U.S. Patent No. 4172094, published October 23. 1979. 

8. A. Hosomi, et al.. Chem. Pharm. Bull., 36 3736 (1988). 

9. K. Taniguchi. et al., Chem. Abstr. 108:2"9541. 

10. R. Freidlina, et al., Chem. Abstr. 57: 16464. 
T. Morikawa. Chem. Abstr. 54:19588. 
M. Sorokin, et al.. Chem. Abstr 108:1 1 1518. 
G. Ostroumova. Chem. Abstr. 72:56187. 

Kamtjo. et al.. Chem. Pharm Bull . 31 4189 (1983). 
Takeda. et al.. Bull. Chem Soc Jon" 57 1863 (1984). 
Kukaienko, et al.. Chem. Abstr. 78:71621. 
ito. et al.. Chem. Pharm. Bull.. 27 1691 (1979). 
Kleiner. Chem. Abstr 73:45598"" 
19 G. Rawson. et al.. Tetrahedron, 26 5653 (1970), 
20. M. irina. et ai.. Chem Abstr 70 37885 

21 E Angei, #t a) U S Patent No 4 etQCtfl, l$fumj October 21, 1986 

22 V Ptakhov. et at . Chem Abstr 73 30312. 

23 K. Oathe. et al.. Chem Abstr 84 73203. 

24 W. W*gener. et al.. Chem. Abstr 77 101763. 

25. E. Mukhametzyanova. et al.. Chem. Abstr. 71:39096. 

26. K. Petrov. et al.. Chem Abstr 74 141977. 

27. H. Gilman. et al.. Chem. Abstr. e9: 172760. 
28 T Hosokawa. et at.. Bull. Chem. Soc. Jpn.. 58 194 (1985). 
29. G. Oiah. et al.. Synthesis. 221 (1980). (In thelable "Ph" represents phenyl). 
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TABLE 1 
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•C (0) • 
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f At _ 
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~v (Ol • 




-C (0) • 


PnCH2CH2- 


-C(0)- 


PhCH2CH2- 


-CH(OH) - 


PH0CH2- 


-CH<0H)- 


PhS(0) 2 CH2- 


-CH(0H)- 


PhCH2CH2- 


-CH(NH 2 )- 


PhNHCH2- 


-CH<0H) - 


PHNHCH2- 


-CH (CHI- 


PMCH2CH2- 


NCH <0H) - 


PhCH2CH2- 


-CH(OH)- 



Ph$CH2- 

PhCH2CH2- 

PhSCH2- 

PhS (0) 2 CH2 

PhOCH2- 

PhCH2CH2- 

PhSCH2- 

PhCH2CH2- 

PhSCH2- 

PhOCH2- 

PhS(0) 2 CH2- 

PHCH2CH2- 

PH0CH2* 

PhNHCH2- 

PhCH2CH2- 

PhSCH2- 



PhOCH2- 

PMNHCH2- 

PhSCH2- 

PhCH2CH2- 

PhSCH2- 

PhCH2CH2- 

PhS(0) 2 CH2- 

PhNHCH2- 

PhOCH2~ 

PhCH2CH2- 

PhS(0»;CH2- 

PhSCH2- 

PhOCH2- 

PhCH2CH2- 

PhNHCH2- 

PhCH2CH2- 

PhCH2CH2- 



-CH(OH) - 
-CH(OH) - 
-CH(OH) - 
-N(OH)- 
-M(OH)- 
-P(OH) (H) 
-N(OH) - 
-P<0> (OH)- 

:o 



J? 



-S (0) 2' 
-S(0) 2 - 
-P (0) (OH) 
-P (0) (OH) « 
-P (0) (OH) ■ 
-P (0) (OH) - 
-S (0) - 
-C (-N-0H) - 



PhSCH2- 

PhSCH2- 

PMSCH2- 

?nCH2CH2- 

PhSCH2* 

PhCH2CH2- 

PhS(0) 2 CH2- 

PhNHCH2- 

PhOCHj- 

PnCH2CH2- 

PhS (0) 2 CH2- 

PhSCH2- 

PhOCH2- 

PhCH2CH2- 

PhNHCH2- 

PhCH2CH2- 

PhCH2CH2- 
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Disclosure of the Invention 

In accordance with the present invention, there are retroviral protease inhibiting compounds of the 

'Oil HUfo, 

A • X • B (I) 

or a pharmaceutlcally acceptable salt, prodrug or ester thereof. 
Xis 

JL be'?* 701 if* 1 V* 1 * 2 V" 80 ** 

' OR aoa ^ x ' x • 

^ <> X X 

X . '" S -V. ^ S N. . 
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wherein R« and R: are independently selected from 
35 0) hydrogen. 

(2) toweralkyl. 

(3) hydroxyalkyl and 

(4) alkoxyaikyl; and 

R2ot and R202 are indepandently selected from 
40 (1) hydrogen, 

(2) alkoxyaikyl, 

(3) thioalkoxyalkyl and 

(4) aikoxyalkoxyalkyl; R 2C 3 is toweralkyl; 
R20& is toweralkyl: 

46 Rjos and Rjot are independently selected from 

(1) hydrogen 

(2) toweralkyl 

(3) alkoxyaikyl; R is hydrogen or halogen; 

Rjs hydrogen, halogen, toweralkyl. -NH 2 . -NHfloweralkyi) or -OR;:* wherein R K t '« defined 
so R_ is -NHj. -NHfloweralkyl) or •OR;:* wherem R; :s <s independently defined as above; 
R - is halogen; and 
q is 2 or 3 
A is 

(1) substituted ammo. 
33 (2) substituted earbonyl, 

(3) functionahzed immo. 

(4) functionaitzed alkyl. 

(5) functionated acyl. 
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(6) functionalized heterocyclic or 

(7) functionalized (heterocyclic)alkyl. 
Bis: 

(1) substituted carbonyl independently defined as herein, 

(2) substituted amino independently defined as herein. 

(3) functionalized Imlno independently defined as herein. 

(4) functionalized alkyl independently defined as herein. 

(5) functionalized acyl independently defined as herein, 

(6) functionalized heterocyclic independently defined as herein or 

(7) functionalized (heterocyclic)alkyl independently defined as herein. 

The term "substituted amino" as used herein includes -NR 30 oCH(R 3 )C(OK-R* wherein R 30 o is 
hydrogen or loweralkyl, L is absent or represents a peptide chair, containing 1-4 amino acids wherein R 4 is 
bonded to the cartooxy terminus of the peptide chain and R* is hydroxy, alkoxy or functionalized amino and 
"substituted amino" also includes -N(R 2 o7)(R 3 ) wherein R 3 and R 20 r are independently selected from 

(i) loweralkyl, 

(ii) aryl, 

(iii) thioalkoxyalkyl 

(iv) (aryl)alkyl, 

(v) cycloalkyl. 

(vi) cycloalkylalkyl. 

(vii) hydroxy alky I. 

(viii) alkoxyalkyl, 
<ix) aryloxyalkyl, 

(x) haloaJkyt. 

(xi) carboxyalkyf, 

(xti) alkoxycarbonylalkyl. 

(xiii) aminoatkyl, 

(xiv) (N-protected)aminoalkyl. 
<xv) alkylaminoalkyl. 

(xvi) «N-protectedMalkyl)amino)alkyl. 

(xvii) dialkylamirtoalkyl. 

(xviii) guanidinoalkyl, 

(xix) loweralkenyl, 
<xx) heterocyclic. 

(xxi) <heterocyclic)alkyl, 

(xxii) hydrogen, 

(xxiii) arytthtoalkyf, 

(xxiv) arylsulfonylalkyf. 

(xxv) (heteroryclic)thioalkyl. 
(xxvt) (heterocycfic)su(fonylalkyl, 

(xxvii) (heterocyclic)oxyalkyl ( 

(xxviii) arylalkoxyalkyl, 

(xxix) arylthioalkoxyalkyl, 

(xxx) arylalkylsulfonylatkyl, 

(xxxi) <heterocyc!ic)alkoxyalkyl. 

(xxxii) (heterocyclic)thioalkoxyalkyl. 

(xxxiii) (heterocyclic)alkylsulfonylalkyl, 

(xxxiv) cycloalkyloxyalkyl, 

(xxxv) cycloalkylthioalkyl. 

(xxxvi) cyloalkylsulfonyialkyl. 
(xxxvri) cydoalkylalkoxyalkyl, 
(xxxviii cycloalky (thioalkoxyalkyl. 
(xxxiv) cycloalkylalkylsulfonylalkyl. 
(xl) amtnocarbonyl. 

(xli) alkyiaminocarbonyl, 
(xlii) diaikyiaminocarbonyl, 
(xliii) aroylalkyl. 

(xliv) (heterocydiocarbonylalkyi. 
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(xlv) polyhydroxyalkyl. 

(xlvi) aminocarbonytalkyf, 

(xlvti) afkylammocarbonytalkyl and 

(xlviii) dialkylaminocarbonylalkyl; with the proviso that R 3 and R 20 7 are not both hydrogen. 
5 The term "substituted carbonyl* as used herein includes -C(0)(R 3 ) wherein Rj is independently defined 
as above. 

The term "functionalized imino" as used herein includes •C( aB NORi)(R 3 ) wherein R, is independently 
defined as above and R 3 is independently defined as above, or •C(*NNR t R 2 )(Ri) wherein Ri and R 2 are 
independently defined as above and Rj is independently defined as above. 
tc The term "functionalized alkyl" as usad herein includes: 

(1) •CH(Z)((CH J Rsoo> <r Rj) wherein R 3 is independently defined as above; d is 0 or 1; 
R500 is 

(i) -S-. 

(ii) -0-. 
tS (iii) -NH-, 

(iv) -Ntfoweralkylh 

(v) -S(Oh 

(vi) -SiOa* or 
(vil) -CH 2 .; and 

20 Z is 

(i) hydrogen, 

(ii) fluoro. 

(iii) azido, 

(iv) -CH(G)(R 9 ) wherein R* is hydrogen, loweralkyl, aryl, arylalkyl. heterocyclic or (heterocyclic)alkyl; and Q 
25 is (a) functionalized carbonyl, (b) functionalized suifonyi. (0 functionalized phosphonyi. <d) loweralkyl 

substituted with functionalized carbonyl, functionalized suifonyi or functionalized phosphonyi. (e) -J-H or (f) 
•J-R 3 wherein R 3 is independently defined as above and J is absent or represents a peptide chain 
containing 1-4 amino acids wherein H or R 3 is bonded to the ammo terminus of the peptide chain. 

(v) -N(GMR9> wherein R 5 and G are defined as above. 
30 (vi) -OG wherein G is defined as above: 

(vii) *SG wherein G is defined as above: or 
(v»ii) heterocyclic; 

(2) *CF(Z)<R 3 ) wherein Ri and Z are defined as above. 

(3) -CH(Z)(ORi) wherein R 3 and Z are defined as above. 

as (4) -CH(Z)(NRiR») wherem R,. R, and Z are defined as above, 

(5) -CHfZKSRi) wherein R 3 and Z are defined as above. 

(6) -CH(ZXS<0)R 3 ) wherein R 3 and Z are defined as above or 

(7) -CH<ZXS<OhR 3 > wherein R 3 and Z are defined as above. 
The term "functionalized acyP cs used herein includes: 



46 



SO 




wherem l is absent or represents a peptide chain containing 1.4 ammo acids wnerem R* is bonded to the 
carboxy terminus of the peptide chain. 
T is 0 or S; 
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R* Is 

(1) hydroxy, 

(2) alkoxy or 

(3) functionall«d amino, R* and Ri are independently selected from 

(1) hydrogen. 

(2) loweralkyl, 

(3) aryl. 

(4) heterocyclic, 

(5) arylalkyl and 

(6) (heterocyclic )alky I, Ry is 

(1) hydrogen. 

(2) fluoro. 

(3) loweralkyl. 

(4) hydroxyalkyl. 

(5) alkoxyalkyl, 

(6) aryl. 

(7; heterocyclic. 

(8) arylalkyl or 

(9) (heterocyclic)alkyl. R ( is 

(1) hydrogen or 

(2) fluoro; ft ts 1 or 2; 
n is 0-3; and 

m is 1-4. 

The term "funciionalized carbonyr as used herein includes: 
(1) R5c^CH(R 3 )HC(T)).-(CH(R 3 )) b -(E) c -(CH(R 3 )) g -C-(T)-W- wherein W is absent or represents a 
peptide chain containing 1-3 ammo acids wherein Rs3-(C(T)),-{CH(R 3 )) b *{E) € -(CH(R 3 »,.C(T)- is bonded to 
the amino terminus of the peptide chain: T is independently 0 or S. Rj at each occurrence is independently 
defined as above; E is 0. S or N(Rj) wherein R, is independently defined as above: a is 0-1: b is 0-3; c is 
0-1; g is 0-3; i is 0-3; and 
Rsoi is 

(a) Ri7-(Raco)h- wherein Rg 30 is N(R.y), 0 or S and h is 0 or 1. 

(b) (Ri;) 2 N-0-or 
(C) Rt7S(0) 2 N(R 3 )- 

wherein R 3 is independently defined as above and at each occurrence R^ is independently selected from: 

(i) hydrogen. 

(ii) loweralkyl. 

(iii) cydoalkyl. 
<iv) aryl, 

<v» arylalkyl, 
(vt) (aryf)alkoxyalkyl 
(vti> faryhalkoxyalkyl. 
(vni) ammoalkyl, 

N-orotected-aminoaikyt, 
fw> aikyiammoalkyl. 
(*0 (N-protectedHaikyl)aminoalkyi. 
(vu) diaikylaminoaikyl. 
fniiii carboxyalkoxyalkyl. 
(*iv» *afkoxycarbonyi)aikoxyalkyi. 
f»v) carboxyalkyl. 
<xvi) alkoxycarbonylalkyl. 
(xvh) (ammo)carboxyalkyl. 
<*vtii> ((N-protectedjamtnoicarboxyaikyi. 
(xix» (alkylamino^carboxyalkyl, 
(xx» UN-protected)alkylamino)carboxyalkyl. 
(xxo (dialkylamino)carboxyalkyl. 
(*«m) <amino)alkoxycarbonyiail;yl, 
f**mi ((N-protecteajaminoalkoxycarbonyiaikyi. 
(x.*ivi (aikylammoiatkoxycarbonytatkyl. 

384 
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(xxv) ((N-protected)alkylamino)alkoxycarbonylalkyl, 

(xxvi) (dialkylamino)alkoxycarbonyialkyl, 
(xxviix) aminocycloalkyl, 

(xxviii) alkoxyalkyl, 

(xxix) (polyaikoxy)alkyl, 

(xxx) heterocyclic, 

(xxxi) (heterocyclic)alkyl, 

(xxxii) N-protecting group. 

(xxxiii) (hydroxyamino)alkyt. 

(xxxiv) (alkoxyamino)alkyl. 

(xxxv) cydoaikyialkyl, 

(xxxvi) loweralkenyl, 

(xxxvii) hydroxyalkyl. 

(xxxviii) dihydroxyalkyl. 

(xxxix) <a)koxy)<alkyl)aminoalkyl. 
(xl) alkylaminocycloalkyl. 
(xli) dialkyiaminocycloaikyl and 
(xlii) polyhydroxyalkyl; 

and 

(2) R,a,.(CH(R ) )WS(0),).-(CH(R,)) t) -(e) e -<CH(R 3 )) g -C(T).W. wherein W is absent or ^sents a 
peptide chain containmg 1-3 ammo acids wherein R^.-OfOW.MC^RiJMEMCHfRjUg-ClT)- .s tended to 
the amino terminus ot the peptide chain; T is independently 0 or S; R, at each occurrence is independently 
defined as above: E .s 0. S or N<R 3 > wherem Rj is independently defined as above: a <s 0-1; b >s 0-3: c -s 
0-1: f is 1 or 2: g is 0-3: > is 0-3; and R*o< is defined as above. 
The term "functtonalized sulfonyl" as used herein includes: 

(1) R«i-(CH ( R,)l,(C(T))..(CH{R,)) b -(E) e -(CH(R 1 )) g -S(0),-W- wherein W is absent or represents a 
peptide chain contammg 1-3 ammo acids wherein R 5 o.-(C(T)).-(CH(R,)) e -(E) c -(CH ( R,i),-S(0)r <s bonded o 
the amino termmus of the peptide chain; T is independently 0 or S; R 3 at each occurrence is independently 
defined as above: E is 0. S or N(R,) wherein R 3 is independently defined as above, a is 0-1: b is 0-3: c is 
0-1 f is 1 cm- 2: g is 0-3: i is 0-3: and R«< is^defined as above; and 

(2) R 5 s,-(CH(R,|).-(S(0),).-<CH(R 3 )) (> .<E) e -(CH(R,)VS(0)rW- where.n W .s absent or represents a 
peptide Chain contammg 1-3 ammo acids wherem R, 3 .-(S(0),).-(CH(R,)) b -(E) c -(CH(R,)) g .S(0)r -s bonded to 
the amino termmus of the pept.de cha.n: fl, at each occurrence is mdependentiy defined as above: E 0. 
S or N(R 3 ) wherein R, .s independently def.ned as above: a is 0-1; b .s 0-3: c .s 0-t f at each occurrence .s 
1 or 2; g is 0-3; i is 0-3: and R*s- is defined as above. 

The term "functionai.zed pnosphonyl" as used herem includes: 
(1> R, 0 , (CH(R,)),-(C(T»,-(CH(R 3 )) B -(E) e -(CH(R 3 »,-P(-E)-W- where.n W .s absent or represents a 
peptide chain contammg 1-3 ammo acds where.n R, : ..(C(T»,.-(CH(R 3 )) B -(E) e -<CH ( R- ; t),-S(0)r .s bonded to 
the amino termmus of the pept.de cha.n: T .s .ndependently 0 or S. R 3 at each occurrence is independen y 
defined as above. E at each occurrence .s mdependentiy O. S or N<R 3l wherem R, .s .ndependently 
defined as above: a .s 0-1 ; b -s 0-3; c -s 0-1 : g is 0-3: . is 0-3: and R,c • is defined as above; and 

(2) R^-fCHtRDWStOM^CHtRjlVtEi^CHtR,)),-^^)^. where.n W .i absent or represents a 
peptide chain contammg 1-3 ammo acds wherem R,:...S(OM.-(CH(R,)) B -.E) e -(CH,R ;l » ? .S(0»,- .s bonded to 
«Te amino termmus of the pept.de cham: R, at each occurrence .s mdeoendemiy defined as above^E at 
each occurrence is mdependentiy O. S or N(R 3 ) wherem R, .s independently defied as above, a <s 0-1. b 
is 0-3: c is 0-1; f a- each occurrence is 1 or 2; g is 0-3: . -s 0-3: and * s . .s def.ned " above. 

The term "a pept.de cham of 1-3 ammo acds" as used herem mcludes •.N(R : :,)-CH(R 3 |.C(0)) u - 
wherein at each occurrence R 3 .s mdependentiy defined as above, u -s 1-3. and a. each occurrence R."~« -s 
hydrogen or loweraikyi. or R 3 and R:ei taken together u -<CH,),- wherem v .s 3-5 

The term "functionaiized ammo" as used herem includes. 
-NR- 5 R ( wherem R., and R- 6 are mdependentiy selected from hydrogen, loweraikyi. hydroxy, 
alkoxyalkyl. dihydroxya.kyl. haloalkyl. aminoalkyl. alkyiam.noalkyl. aryt. aryia.kyi. (heterocyclic ,aiky.. 
heterocyclic, dialkylammoatkyl. <N-protected>arninoa.ky,. ,N- P rotected)aiky.ammoa,kyi. cyanoalkyi hydro.- 
yalky. carboxya.kyi. a.koxycarbony.alkyl. <amino,carboxya.ky.. ((N-pro.ectedlam.noKarboxyaiky . 
(aikyiammowarboxyaikyl. «N.protected)aiky.am,no)carbOKyalkyl. (dialkylammo.carboxya.kyl. .ammo - 
alkoxTarbonylaikyl. .(N.protec.edtammo.a.koxycarbonyia.kyi. (a.ky.amino.a.kcyca.oonyia.ky.. .tN-pro.eet- 

ed)alkylam.no)alkoxycarbonyiaikyiand(diaikylamino)aikoxycarbonyiaikyi. nrtanort( , ntlv 

The term -funct.onal.zed heterocychc" as used herem refers to a heterocyclic group .ndeoedently 
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defined as herein which is substituted with a functional group G wherein G is independently defined as 
herein. 

The term "functionalized (heterocyciic)alkyr as used herein refers to a (heterocyclic)alkyl group 
independently defined as herein in which the heterocyclic group .s substituted with a functional group G 
5 wherein G is independently defined as herein. 

The chiral centers of the compounds of the invention may be racemic or asymmetric. Racemic 
mixtures, mixtures of diastereomers. as well as single diastereomers of the compounds of the invention are 
included in the present invention. The terms "S" and "R* configuration are as defined by the IUPAC 1974 
Recommendations for Section E, Fundamental Stereochemistry. Pure Appl. Chem. (1976) 45, 13-30 : 
to The terms -Ala". "Asn". "Gly". "He*. "Leu". "Lys". "Phe". "Pro*. "Ser". and "Val" as used herein refer 
to alanine, asparagine. glycine, isoleucine. leucine, lysine, phenylalanine, proline, serine and valine, 
respectively. In general, the ammo acid abbreviations used Le.ein follow the IUPAC-IUB Joint Commission 
on Biochemical Nomenclature for amino acids and peptides (Eur. J. Biochem. 1984. 158. 9-31). 

The term "N-protectmg group" or "N-protected" as used herein refers tc thosTgroups intended to 
protect nitrogen atoms against undesirable reactions during synthetic procedures or to prevent the attack of 
exopeptidases on the final compounds or to increase the solubility of the final compounds and includes but 
is not limited to acyl. acetyl, pivaloyl. f-butyiacetyl, t-butyloxycarbonyl (Boc). benzyloxycarbonyl (Cbr) or 
benzoyl groups or an I- or D- aminoacyl residue, which may itself be N-protected similarly. 

The term "loweraikyl" as used herein refers to straight or branched chain aikyl radicals containing from 
1 to 6 carbon atoms including, but not limited to. methyl, ethyl, n-propyl. iso-propyl, n-butyl, iso-butyl. sec- 
butyl, n-pentyl. t-methylbutyi. 2.2-dimethyibutyl. 2-methylpentyl. 2.2-dimethylpropyl. n-hexyl and the like. 

The term "alkylene" as used herein refers to a straight or branched chain carbon diradical containing 
from 1 to 6 carbon atoms including, but not limited to. «CH 2 -, -CH 2 CH 2 -. -CH(CHj)CH 2 -. -CH 2 CH 2 CH a . and 
the like. 

3 The term "loweralkenyl" as used herein refers to a loweraikyl radical which contains at least one 
carbon-carbon double bond including, but not limited to. propenyl. butenyl and the like. Alkenyl groups can 
be unsubstituted or substituted with one or more substituents independently selected from loweraikyl, 
haloalkyl. cydoaikyl. aryi. heterocyclic, alkoxy. thioalkoxy, ammo, alkylammo, dialkylammo, hydroxy, halo! 
mercapto. mtro. carboxaidehyde. carboxy. carboalkoxy and carboxamide. 
o The term *aryt" as used herein refers to a monocyclic or bicyclic carbocyclic ring system having one or 
more aromatic rings including, but not limited to. phenyl, naphthyl. tetrahydronaphthyl, indanyl and the like. 
Aryl groups can be unsubstituted or substituted with one. two or three substituents independently selected 
from loweraikyl. haloalkyl. alkoxy. thioalkoxy ammo, alkylammo. dialkylammo. hydroxy, halo, mercapto. 
nitro. carboxaidehyde. carboxy, carboalkoxy and carbovamide. In addition, substituted aryl groups include 
5 tetrafluorophenyl and pentafluorophenyl. 

The term "arylaikyi" as used herein refers to an aryl group appended to a loweraikyl radical including, 
but iot limned to. benzyl, 4-hydroxybenzyL 1-naphthylmethyl and the like. 

The term "ammoalkyP as used herein refers to -NH 2 appended to a loweraikyl radical. 
The term "cyanoaikyi" as used herein refers to -CN appended to a loweraikyl radical. 
9 The term "hydroxyaikyi" as used herem refers to -OH appended to a loweraikyl radical. 

The term "dihydroxyaikyl" as used herein refers to a loweraikyl radical disubstituted with -OH groups. 
The term "polyhydroxyalkyl" as used herein refers to a loweraikyl radical substituted with more than 
two -OH groups. 

The term "hydroxyammoalkyl" as used herem refers to a hydroxyammo group (-NHOH) appended to a 
5 loweraikyl radical. 

The term "alkoxyammoalkyr as used herein refers to -NHR :53 (wherein R 25: is an alkoxy group) 
appended to a loweraikyl radical. 

The term M (alkoxy)(alkyi)ammoaikyi" as used herem refers to <R 2 ? 3 )<R 2 7- >N- wherein R 27c is alkoxy and 
R2r is loweraikyl appended to a loweraikyl radical. 
5 The term "alkylammo " as used herein refers to a loweraikyl radical appended to an NH radical. 

The term "hydroxyaikylammo" as used herein refers to a hydroxyaikyi group appended to an NH 
radical. 

The term "dihydroxyalkylammo" as used herem refers to a dihydroxyaikyl group appended to an NH 
radical. 

5 The term "(hydroxyaminoiaikyiamino" as used herem refers to -NHR ; ^ wherem R ;v <s a hydrox- 
yammoalkyl group. 

The term "(alkoxyammoialkytammo" as used herem refers to -NHR :!: wherem R :s: . s an alkox- 
yaminoa'kyi group. 
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The term "{(hydroxyamlnoJalkylHalkyOamino'' as used herein refers to -NR^Rj,. wherein n„ 3 , 3 a 
hydroxyaminoaikyi group and Ras* is a loweraikyl group. 

The term "((alkoxyaminotelkylHalkyimmino*' as used herein refers to -NR^Rjst wherein R„ 5 j S an 
alkoxyaminoaikyi group and R 2 *« is a loweraikyl group. 
5 The term "(N-protectedJaminoalkylamino* as used herein refers to an N-protected amino group which is 
appended to a loweraikyl group which in turn is appended to an -NH radical. 

The term -cycloalkyl" as used herein refers to an aliphatic ring having 3 to 7 carbon atoms including, 
but not limited to, cyciopropyl. cyclopentyl. cyclohexyl and the like. Cycloalkyl groups can be unsubstituted 
or substituted with one. two or three substituents independently selected from loweraikyl, haloalkyl alkoxy 
ro thioalkoxy. amino, alkylamino. dialkylamino. hydroxy, halo, mercapto. nitro. carboxaldehyde. carboxy' 
carboalkoxy and carboxamide. 

The term "cycioalkylalkyr as used herein refers to a cycloalkyl group appended to a loweraikyl radical 
including but not limited to cyclohexylmethyl. 

The term "alkylaminocycloalkyl" as used herein refers to an alkylamino group appended to a cvcloalkvl 
?5 radical, ' 

The term "dialkylaminocycloalkyl" as used herein refers to a dialkylamino group appended to a 
cycloalkyl radical. 

The terms "alkoxy- and "thioalkoxy" as used herein refer to R. t O- and Rr S S-. respectively, wherein 
Ri8 »s a loweraikyl group or benzyl. 

The term "(hydroxyamino)alkoxy* as used herein refers to R 2 S70- wherein R 25 ; is a hydroxyaminoaikyi 
group. 7 

The term "(alkoxyamino)alkoxy" as used herein refers to R 25 *0- wherein R 2 < 8 is an alkoxyaminoalkyl 
group. 

The term "alkoxyalkyl" as used herein refers to an alkoxy group appended to a loweraikyl radical. 
The term "thioalkoxyalkyr as used herein refers to a thioalkoxy group appended to a loweraikyl radical. 
The term "alkoxyalkoxyalkyl" as used herein refers to an alkoxy group appended to an alkoxy group 
which is in turn appended to a loweraikyl radical including, but not limited to. methoxyethoxymethyt and the 
like. 

The term "guanidinoalkyP as. used herein refers to a guamdino group <-NHC( * NH>NH 2 ) appended to a 
30 loweraikyl radical. 

The term 'alkenyloxy" as used herein refers to R« 9 0-wherein R., is a loweralkenyl group. 
The term 'hydroxyalkoxy" as used herein refers to -OH appended tc an alkoxy radical. 
The term "dihydroxyalkoxy ,, as used herein refers to an alkoxy radical which is disubstituted with -OH 
groups. 

The term "aryiaikoxy" as used herein refers R^O-wherein R, 3 is a arylalkyl group as defined above. 
The term "(heterocycliaalkoxy' as used herein refers to R J2 -0- wherein R 5= . is a (heterocyclic >aikyl 
group. 

The term "arylaikoxyalkyr as used herein refers to a aryiaikoxy group as defined above appended to a 
loweraikyl radical. 

The term "aryloxyalkyl" as used herein refers to a R:;;0- group appended to a loweraikyl radical, 
wherein R 22 o is an aryl group. 

The term "dialkylamino 1 * as used herein refers to -NR^R;- wherein R 2: and R 2 . are independently 
selected from loweraikyl groups. 

The term "(hydroxyalkyl)<alkyl)amino ,, as used herein refers to -NR 22 R 23 wherein R 22 is hydroxyalkyl 
45 and R 2 3 is loweraikyl. 

The term "N-protected aminoalkyr as used herein refers to -NHR 2 * appended to a loweraikyl group, 
wherein R 2 * is an N-protecting group. 

The term "alkylaminoal* .i" as used herein refers to NHR 25 appended to a loweraikyl radical, wherein 
R25 »S a loweraikyl group. 

50 The term "(N-protectedHaikyDaminoalkyr as used herein refers to ■NR 2 *R: 5l which is appended to a 
loweraikyl radical, wherein R 2 « and R 25 are as defined above. 

The term "diaikylamino&lkyr as used herein refers to *NR 26 R:; which is appended to a loweraikyl 
radical wherein and H:? are independently selected from loweraikyl. 

The term "azidoalkyl" as used herein refers to a -r>h group appended to a loweraikyl radical. 
55 The term "carboxyaikyr as used herem refers to a carooxylic acid grouo I-COOH) appended to a 
loweraikyl radical. 

The term "afkoxycarbonyiaikyr as used r^rem refers to .1 R.^tCfO)- grouo appended to a loweraikyl 
radical, whereto R ; , <s an aiko*y group 
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The term "carboxyalkoxyalkyl" as used herein refers to a carboxylic acid group (-COOH) amended to 
an alkoxy group which is appended to a loweralkyl radical. 

The term "alkoxycarbonylalkoxyalkyP as used herein refers to an aikoxycarbonyl group (RjoCtO)- 
wherein Rjo is an alkoxy group) appended to an alkoxy group which is appended to a loweralkyt radical. 

The term "(amino )carboxyalkyr as used herein refers to a loweralkyl radical to which is appended a 
carboxylic acid group (*COOH) and an amino group (*NH 2 ). 

The term *((N-protected)amino)carboxyaikyr as used herein refers to a loweralkyl radical to which is 
appended a carboxylic acid group (-C3CH) and -NHR r wherein Rr is an N-protecting group. 

The term "(aikylamino)carboxyaikyi" as used herein refers to a loweralkyl radical to which is appended 
a carboxylic acid group (-COOH) and an alkylamino group 

The term "((N-protected)alky (amino Jcarboxyatkyl" as used herein refers to a loweralkyl radical to which 
is appended a carboxylic acid group 1*C00H) and an -NR r Ri: wherein Rs< is as defined above and R32 is 
a loweralkyl group. 

The term "(dialkyiamino>carboxyaikyi* as used herein refers to a loweralkyl radical to which is 
appended a carboxylic acid group (-COOH) and -NR^R^ wherein R32 is as defined above. 

The term "(amino)alkoxycarbonytaikyr as used herein refers to a loweralkyl radical to which is 
appended an aikoxycarbonyl group as defined above and an ammo group (*NH 2 ). 

The term "((N*protected)amino>alkoxycarbonyla!kyr as used herein refers to a loweralkyl radical *o 
which is appended an aikoxycarbonyl group as defined above and -NHRjt wherein Rsi is as defined above. 

The term "(aikylamino)alkoxycarbonyialkyr as used herein refers to a loweralkyl radical to which is 
appended an aikoxycarbonyl group as defined above and an aikylammo group as defined above. 

The term "((N-protected)alkylamino)aikoxycarbonyialkyr as used herein refers to a loweralkyl radical to 
which is appended an aikoxycarbonyl group as defined above and -NR 3 .R 32 wherein Rr and Rjj are as 
defined above. 

The term "(dialkylamino)alkoxycarbonytaikyr as used herein refers to a loweralkyl radical to which is 
appended an aikoxycarbonyl group as defined above and *NR 1: R ); wherein R K *s as defined above. 

The term "carboxyalkylamino* as used herein refers to -NHRn wnerem R 33 *s a carboxyalkyl group. 

The term "alkoxycarbonylalkylammo" as used nere>n refers to -NHRj* wherein R34 is an aikoxycar- 
bonylakyl group. 

The term "(aminojcarboxyalkylamino* *s used herein refers to -NHRm wherein Ri« is an (ammo)* 
carboxyalkyl group. 

The term "((N-protectedJaminofcarboxyalkyiarruno** as used herein refers to -NHRn wherein R J5 is an 
((N-protected)amino]carboxyalkyl group. 

The term "{alkylamino >carboxyafkyiamino" as used herom refers to -NHRi; wherein Rj? is an 
(alkylamino)carboxyalkyl group. 

The term "((N-protectedJalkyiaminoKrarboxyaikyiamino- as used herein refers to -NHRas whe»ein Rn is 
an ((N-protected)aikylamino)carboxyaikyi grouo. 

The term "(dialkylaminofcarboxyalkyiamino"* as used herein refers to -NHR3J wherein Rjj is a 
(dialkylaminoKtarboxyalkyl group. 

The term "(amino)alkoxycarbonyiaikyiamino" as used herem refers to -NHRtc wherein Ri 5 is an 
(amino)alkoxycarbonylalkyl group. 

The term w ((N-protected)amino)aikoxycarbonyiaikyiamrno" as used herein refers to -NHR*- wherein R41 
is an «N-protected)amino)aikoxycarbonyiaikyt grouo 

The term "(alkylaminoalkoxycarbonylalxyiarrsino" as used *ere<n refers to -NHR*: wherein R 4 ? is an 
(alkylamino)aikoxycarbonyiaikyi group. 

The term "({N-protectedJalkylaminoialkoyycarbonyiaixylarTuno"' as used herein refers to -NHR* 3 wherein 
R* 3 is an <(N-protected)alkylamino>alkoxycart)onyiaikyi group. 

The term H (diaikylamino)aikoxycarbonylaikyiammo" as used herem refers to -NHRi* wherein R«* is a 
(dlalkytamino)afkoxycarbonylalkyl group. 

The term "ammocycloaikyr as used herein refers to an NH : appended to a cydoalkyt radical 

The term *((aikoxy)alkoxy)alkyr as used nerem refers to an alkoxy group appended to an alkoxy group 
which is appended to a loweralkyl radical. 

The term "poiyalkoxyalkyr as used herem refers to a polyaikoxy residue appended to a loweralkyl 
radical. 

The term "poiyalkoxy" as used herein refers to -OR*; wherem fl^ is a straight or branched chain 
containing 1-5. C -O-C/ linkages wherom n and n are mdeoendentiy selected from 1 to 3. including but 
not limited to methoxyothoxymethoxy. methoxymethoxy and the uke. 

The term "farviaikyhamino'* as used herem refers to R ;:NH- therein R;; ts an aryialkyi group as 
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defined above. 

The term "(arylalkyl)(alkyl)amino" as used herein refers to R10-R135N- wherein R« c * is an aryiaikyi 
group as defined above and R«os is a toweraikyl group. 

The term "(heterocyclic)alkylamino" as used herein refers to RsooNH- whsrein Rioo is a (heterocyclic)* 
5 alkyl group. 

The term *((heterocyclic)alkyl)(alkyl)amino" as used herein refers to R*ooRio-N- wherein R*oo is a 
(heterocyclic)alkyl group and Rsa« is a loweralkyl group. 

The term "dialkylaminoaikyl(alkyl)amino" aa used herein refers to -NRmRso wherein Rm is a dial* 
kylamino residue appended to a loweralkyl residue and Rso is a loweralkyl residue. 
to The term "alkylaminoalkylamino" as used herein refers to -NHR 5 o* wherein R M « is an alkylaminoaikyl 
group as previously defined. 

The term "dlaikylammoalkylamino" as used herein refers to -NHR 50u .vherein R 9C b is a diaikyiaminoalkyl 
group as previously defined. 

The term "aminoalkyiamino" as used herein refers to -NHR* < wherein Rv is an aminoaltyl residue, 
fs The term "(dihydroxyalkyl)(alkyl)amino" as used herein refers to a loweralkyl group which is disub- 
stituted with -OH radicals, appended to an amino group, which amino group also has appended another 
loweralkyl group, including but not limited to N-(2.3-dihydroxypropyl)*N-(methyl)amine. 

The term "di-<hydroxyalkyl)amino" as used herein refers to -NRs^Rsj wherein R52 and Rss are 
hydroxyalkyl residues. 

20 The term "alkoxyalkyl(alkyl)amino* as used herein refers to -NRs.Rsb wherein Rs. is an alkoxy alkyl 
group and Rss is a loweralkyl group. 

The term "dHalkoxyalkyDamino" as used herein refers to -NRssRs* wherein Rss and Rs? are 
alkoxyalkyl groups. 

The term *di*(polyalkoxyalkyl)amino" as used herein refers to -NRssRsj wherein R51 and R59 are 
?s polyalkoxy residues appended to loweralkyl residues. 

The term "((polyalkoxy)alkyl))(alkyt)amino" as used herein refers to -NRtoR*' wherein R*o is a 
polyalkoxy residue appended to a loweralkyl residue and R«* is a loweralkyl residue. 
The term "halo" or "halogen" as used herein refers to *Cl. -Br, •» or -F. 

The term "haloalkyl" as used herein refers to a loweralkyl radical in which one or more of the hydrogen 
30 atoms are replaced by halogen including, but not limited to. chioromethyl. tnfluoromethyl, l-chloro-2- 
fluoroethyl and the like. 

The term "thioalkoxyalkyl" as used herein refers to a thioaikoxy group appended to a loweralkyl radical. 
The term "alkylsulfonyP as used herein refers to R*;SOr wherein R 6i is loweralkyl group. 
The term "arylthioalkyl" as used herein refers to R= ;3-S-R«r;*- wherein R 53 s is an aryl group and Rsc« 
js is an alkyiene group. 

The term "arylsulfonyiaikyl" as used herein refers to R:;?-S(Oh-R<;i* wherein Rs:? is any aryl group 
and Rsca is an alkyiene group. 

The term "(heterocycliooxyalkyl" as used herein refers to R?;s-0-Rv:* wherein Rsos is an aryl group 
and Rv : is an alkyiene group. 
40 The term "(heterocyclic)thioalkyr as used herein refers to Rs-«-S*Rs-2- wherem Rs- - is an aryl group 
and Rv : is an alkyiene group. 

The term "(heterocyclic jsulfonyialkyl" as used herein refers to RsvSiOb-Rs*.* wherem R 5 *j is an aryl 
group and Rs r 4 is an alkyiene group. 

The "arylalkoxyaikyl" as used herein refers to Rs-;-0-Rs-5* wherein R55 'S an arytalkyl group and 
45 R< •* is an alkyiene group. 

The "arylthioalkoxyaikyl" as used herein refers to RwS-R«-«* wherein R 5 «* is an aryiaikyi group and 
Rs<i is an alkyiene group. 

The "arylalkylsulfonylalkyr as used herein refers to Rs- s-SiOh-Rsrs- wherem Rs-? is an aryiaikyi 
group and Rs2c is an alkyiene group. 
50 The term "(heterocydiaalkoxyalkyr as used herein refers to Rt;--0-R«;;* wherein Rc : . ( s a 
(heterocyclic )alkyl group and Rs*: is an alkyiene group. 

The term "(heterocycncjthtoalkoxyalkyl" as used herein refers to R^rS-R^i- wherem Rc :3 »s a 
(heterocyclic)alkyl group and R=;* ts an alkyiene group. 

The term "(heterocyciiaaikyisutfonylaikyr as used nerem refers to R^;*-S(0)rRs2%- wherem Re ; - 3 is a 
55 (heterocyclic)alkyl group and R<;* is an alkyiene group 

The term "cycloaikyloxyaikyi" as used heron refers to R*;?-0-R»;i- wherem Rt ; r is a cydoaikyi group 
and Rs2s is an alkyiene group. 

The term "cycioaikyithioaikyi" as used hereto refers to R-. ?-S-R« jc* wherem R«;3 1$ a cydoaikyi group 
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and Rs jo is an alkylene group. 

The term "cycloalkylsulfonylalkyl" as used herein refers to Rs3--SlO> 2 -R 532 - wherein R, 31 is a 
cycloalkyl group and R 532 is an alkylene group. 

The term "cycloalkylalkoxyalkyl" as used herein refers to Rs 33 -C-R$ 3 4* wherein R$ 33 is a cycloalkylal- 
kyl group and R$ 34 is an alkylene group. 

The term "cycloalkyithioalkoxyalkyr as used herein refers to Rs35-S-R^i- wherein R 535 is a cycloal- 
kylalkyl group and R*j« is an alkylene group. 

The term "cycloalkylalkylsulfonyiaftyl* as used heretn refers to Rsn-S<C» 2 *R5 3I - wherein R, j; is a 
cycloalkylalkyf group and R* 3 | is an alkylene group. 

The term "aminocarbonyl" as used herein refers to -C(0)NH 2 . 

The term "aminocarbonylalkyl" as used herein refers to an aminocarbonyl group appended to a 
loweralkyl radical. 

The term "alkylaminocarbonyl" as used herein refers to -C(0)NHR 5 3» wherein R 533 is loweralkyl. 
The term "alkyiaminocarbonylalkyl" as usee* herein refers to an alkylaminocarbonyl group appended to 
a loweralkyl radical. 

The term "dialkylaminocarbonyl" as used herein refers to -C(0)NR 5 *cR5t • wherein R s » 0 and Rsm are 
independently selected from loweralkyl. 

The term "dialkylaminocarbonylalkyl" as used herein refers to a dialkylaminocarbonyl group appended 
to a loweralkyl group. 

The term "aroylalkyl" as used herein refers to R<i;-C(0)-R<4 3 - wherein R S 4 2 is an aryl group and R545 
is an alkylene group. 

The term "(heterocyclicfcarbonyiaikyl" as used herein refers to Rst*-C{0)-Rs4s- wherein R544 is a 
heterocyclic group and R*n is an alkylene group 

The term "arylamino" as used herein refers to R^NH-wherem R 51 « is an aryl group. 

The term "(heterocyclic)amino" as used herein refers to R547NH- wherein R 54 r is a heterocyclic group. 

The term "heterocyclic ring" or "heterocyclic" as used herein refers to any 3- or 4-membered ring 
containing a heteroatom selected from oxygen, nitrogen and sulfur; or a 5- or 6-membered ring containing 
one. two or three nitrogen atoms: one nitrogen and one sulfur atom; or one nitrogen and one oxygen atom. 
The 5-membered ring has 0-2 double bonds and the 6-membered ring has 0-3 double bonds. The nitrogen 
and sulfur heteroatoms can be optionally oxidized. The nitrogen heteroatoms can be ootionally quaternized. 
The term "heterocyclic" also includes bicyclic groups m which any of the above heterocyclic rings is fused 
to a benzene ring or or a cyclohexane ring or another heterocyclic ring. Heterocyclics include: pyrrolyl, 
pyrrolinyl. pyrrolidinyl. pyrazolyl. pyrazolinyl. pyrazolidmyl. imidazolyl. imidazolinyl. imidazolidinyl. pyridyl. 
piperidinyl. pyrazinyl. piperazinyl. pynmidinyl. pyrtdazmyi. oxazolyl. oxazondinyi. isoxazolyl. isoxazolidinyl, 
morpholinyl. thiazoiyl. thiazolidinyl. isothiazoiyi. isothiazoitdmyi; mdolyl. Qumoimyi, isoqumoimyl, ben- 
zimidazolyl. benzothiazolyi, benzoxazolyl, furyi. thionyi and benzothienyl. 

Heterocyclics also include: 




Heterocyclics can be unsubstituted or monosubstttuted or disubstituted with substituents independently 
selected from hydroxy, haio. oxo (*0>. alkyhmmo <R*N = wherein R* is a loweralkyl group), amino, 
alkylammo. diafkyiammo. alkoxy. poiyaikoxy, haioaikyi. cyc:ca!kyi. -COOH. -SChH and loweralkyl. In addi- 
tion, nitrogen containing heterocycles can be N-cotecteo. 

The term "fheterocyciiaalkyl" as used herem refers :o a heterocyclic group apoended to a loweralkyl 
radical, including but not limited to imida^otylmethyi 'Najciv'nnethyl. oyridv'methyt and morpholinylmethyl. 
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The term -heterocyclic M * , P *>.C(0)0- whwein R m „ . 

he,eroc yc ,i C group . *** c ^on y ,amino- as used herein refer, to p r,n 

• m compound, 0 , tne pr98en( ^ * R "' C '°> N H- »h*re,n r joj is . 

"•fWMnMtiw compound- „, . " " *"* «»*«»o™ 
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3B 
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5 
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7B 
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PhCH 2 CH 2 - 
PhCH2CH2- 
PhCH 2 CH 2 - 
PhOCH 2 - 
•PMOCH2- 
PhCH 2 CH 2 - 

PhCH 2 CH 2 - 



PhCH 2 CH 2 - 



-S(0) 2 
-S(O)- 
-CH(OH)* 
-C(O) - 
-CH(OH) - 
-C (0) - 
-CHtOH)- 

-CH (OH) - 



-CH(CH) - 



PhCH 2 CH 2 - 
PhCH 2 CH2- 
PhCH2CH2- 
PhCH 2 CH 2 - 
PhCCH 2 - 
PhOCH 2 - 
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<CH 2 ) 2 CH(CH3) 2 
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C(0)NH(CH 2 ) 2 CH(CH 3 ) 
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PhCH 2 CH 2 - 


IOC 


PhCH 2 CH(NH8oc>- 


"CH (CH) - 
-CH(CH) - 
-CMfCH) - 
-CH (CH) - 
-CH fCH) - 
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PhCH 2 CH(MHBoc) - 


?hCH 2 CH(M 3 j - 
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PhCH 2 CHWH 2 >- 


P*CH 2 CH(NH 2 >- 
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NHCH2CH2CH(CH3)2)* 


23ft 


PhCH2C(0)- 


-CH(OH)CH(OH) - 
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-CH-CHC(0)NH- 








CH2CH2CH(CH3)2 


37 


PhCH2CH(MHC(0)M«)* 
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50 


4-N02-C € H 4 OCH2- 


-CH(OH)- 


4-N0 2 -C 6 H 4 OCH 2 - 


20 


51 


PhCH2CH2- 


-CH(CCH 2 OCH 3 )- PhCH 2 CH 2 - 




52B 


PhCH2CH2CH 2 - 


-C(0)- 


PhCH2CH2CH 2 - 




53 


PhCH2CH2CH2- 


-CH(OH)- 


PhCH2CH2CHj- 


25 


S4B 


PhCH2CH2- 


-CH(OH) - 


•CH-CHC (0) -Vai-Val-NH 2 



50 



J5 



40 



43 



50 



55 



56 



57 



56 



BocNH,^ 



Ph' 



y 



Ph 



H : N^ 
PfT 



-CH(CH) - 



-CH(OH)- 



-CK(CH) 



•CH (CH) 



Cbz-Val-NH 

Ph 1 
H,M 



r 



Ph' 

Ac-vai-Val-NH 

Ph' 

Ac-val-vai-NH 
Ph* 



r 



5S 



393 



90377452 




394 



EP 0 402 648 A1 



-CH(OH)- 



Ac-Val-Val-MH 



-C(O) 



-CH(OH)CH(OH)- 



-C(CH) (CH 2 OH) 
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4-HOC6H4CH2CH2- 
<l-naphthyI)CH2CH2- 
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PhCH2CH2- 
PhCH2CH2- 
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The compounds of the invention can be prepared as shown in Schemes 1*13. The syntheses of 
segments (II). (III). <IV). and (V) are described in the Examples. The process shown in Scheme 1 discloses 
the condensation of carboxylic or sulfonic acid G - OH to segments (II) and (III) in the presence of a 
coupling reagent to give (VI) and (VII), respectively. The process shown in Scheme 1 also discloses the 
condensation of segments (IV) and (V) to NRi 5 Ri 6 in the presence of a coupling reagent to give (VIII) and 
(IX), respectively. Coupling reagents known in the art which can be used include, but are not limited to. 
dicyclohexylcarbodiimide (DCC). 3-ethyl-3'-(dimethylamino)propylcarbodiimide (EDO. bis(2-oxo-3-ox- 
a20lidinyl)-phosphinic chloride (BOP-CI). dipenyiphosphoryl azide (DPPA) and the like 

In addition to the use of the carboxylic acids or sulfonic acids shown in the scheme, acid haiide and 
other activated ester derivatives of the carboxylic acid or sulfonic acid are useful for the coupling reactions 
with (II), (III), and HNR<-,R.*. Acid haiide derivatives include the acid chloride. Activated ester derivatives 
include activated esters commonly used by those skilled in the art for activating carboxylic acid groups for 
coupling with an amine to form an amide bond or for coupling with an alcohol to form an ester bond 
including, but not limited to. formic and acetic acid derived anhydrides, anhydrides derived 'rom alkoxycar- 
bonyl halides such as isooutyioxycarbonylchloride and the tike. N-hydroxysuccimmide derived esters. N- 
hydroxyphthalimide derived esters. N*hydroxybenzotna20ie derived esters. N*hydroxy*5-norbornene-2,3- 
dicarboxamide derived esters. 2.4 5-trichlorophenoi derived esters and the tike. 

The compounds of the invention having a fluonnated X group can be prepared as shown in the 
synthetic Scheme 2 The process shown in the synthetic scheme shows the preparation of the key 
intermediate XV. The synthesis starts with a protected ammo alcohol X. which was oxidized by Swern 
oxidation to the corresponding aldehyde XI. Reformatsky reaction with ethyl bromodifiuoroacetate provided 
XII. Oeprotection of XI*. followed by treatment with phosgene gave XIII which upon hydrolysis of the ester 
and treatment with an organometailic such as an aikyii.thtum or alkyl Gngnard provided compound XIV. 
Oxime formation from XIV and hydrogenation. followed by basic hydrolysis of the oxazoiidinone ring gave 
the key intermediate XV Coupling of protected ammo acid, or ammo acid derivatives or peptidyl fragments 
J to the intermediate XV provides the compounds of the invention XVI. Oxidation of XVI provided the 
compounds of the invention XVII 

Compounds of the invention wherein X is -CH(OR : ; Kan be. prepared as shown m Scheme 3. The 
process shown m Scheme 3 discloses the reduction and subsequent addition of vmyfmagnesium bromide 
to protected aminoester XVIH. The resulting *n y iic alcohol XIX is mesylated to provide XX. which is treated 
with a Grignard reagent and catalytic CuCN to provide olefin XXI. Epoxidation of XXI leads to XXII which is 
regioselectively opened with aztde anion to provide XXIII. Reduction of the azide gives XXIV and 
deprotection provides XXV. both of which can be coupled accoromg to Scheme 1 to provide compounds of 
the invention. 

Compounds of the invention wherein X is •CH<OR; : - >-CH(OR-:)« can be preoared as shown -n 
Scheme 4. The process shown m Scheme 4 discloses the oration of XXVI to protected ammoaldehyje 
XXVII. Reductive dimension of XXVII provides the douciy protected diammodiol XXVIII. which <s deprotec- 
ted to give diammodiol XXIX. Coupling of XXIX according tc Scneme 1 provides compounds of the 
invention. 

Compounds of the invention of the the type XXXII. in which d=0 or t and Rj and Rc ;= are as defined 
above, may be preoared as outlined in Scheme 5. Thus the known a^ndine XXX <Y L Merrer. et at 
Heterocyctes. 1987. 25. 541-548) >s acylated (e.g. with G *Cbz-vaimei. sulfonated teg. with G«p-toiuene 
sulfonic acid), or phosphoryiated (e.g. with G »d<phen v ipho$phinic actd). to provide compounds of the 
formula XXXI. These compounds are in turn treated with various nuOeopniies. such as thiols, alconois, 
amines, or organometailic reagents, which serve to open me a*ndme ring. The acetontde can be removed 
by acid hydrolysis. When G is a sulfonic acid residue, eg. p-toiuenesulfonyl. this grouo may be removed 
reductively, for example, with sodium in liquid ammonia or with sodium napthalenide. to provide compounds 
of the formula XXXII wherein G is hydrogen. These compounds, m turn, can be N-acyiateo with protected 
amino acids, e.g. Cb2- valine, to provide additional compounds of the foimula XXXII. 

As outlined m Scheme 6. compounds of the invention of the formula XXXVI and XXXVII may be 
prepared by acyiation of XXXMI with bromoacetyt brom.de. followed by displacement of the bromide with 
various amine nucleophiles. R S ; : and Ric- may bo selected independently from hyrodgen and alkyl. or 
may constitute a heterocyclic ring incorporating the nitrogen to which the are appended, e.g.. rings such as 
morpholine. pipendme. and pioerazme. Compounds of the invention of formula XL and XLI may be prepared 
by acyiation of XXXllI with fchioromethyObenzoyi chloride, followed by displacement of the benzyhc 
chloride group with various amine nucleophiles. 

As outlined m Scheme 7 compounds of the invention of 'ormuia XLV and XLVI. and L and LI. are 
prepared m analogous 'ashicn from compounds XLM and xlvii. 
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As outlined in Scheme 8, compounds of the invention of the formula Lilt are prepared from compounds 
of the formula Lll by treatment with diazomethane. Compounds of the formula LIV may be oxidized to 
ketones of the formula LV by treatment with the oxalyl chloride* DMSO reagen* followed by treatment with 
triethylamine. Ketones of the formula LV may be converted to epoxides ?f the formula LVI by treatment with 
diazomethane. 

As outlined in Scheme 9. the compound of the formula LVII (C. H. Chen, et a!. J. Org. Chem., 1981. 46, 
2752-2757.)is converted to the compound of the formula LVIII by hydrogenation. reduction with sodium 
borohydride, followed by saponification of th* ester to provide the diacid. This compound is in turn, coupled 
with various amino acid esters or amides to provide compounds of the formula LIX, wherein R| 03 may be 
NH or O. and Rj is as defined above. 

As outlined in Scheme 10, compounds of the formula LX (W.N. Haworth. et al, J. Chem. $oc. t 1944, 
217.) are treated with amino acid esters or amides, followed by acetone with an acid catalyst, followed by 
triflic anhydride to provide compounds of the formula LXI. wherem R| C j may be NH or 0. and fli is as 
defined above. These compounds are in turn treated with various alcohol, thiol, or amine nucieoohiles, 
followed by acid catalyzed hydrolysis of the acetonide, to provide compounds of the formula LXII. wherein 
Rioi may be NH or 0. and Ri and R?:q are as defined above. 

As outlined m Scheme n. the diepoxide ixni <R.S. Tipson. et al. Carbohydrate Research. 1968. 7. 
232-243.) is converted to the diester of the formula LXIV by oxidation, first with the DMSO/oxalyl chloride/ 
triethylamine reagent (Swern reagent) to the diaidehyde. and then with bromine in methanol aqueous 
sodium bicarbonate. This compound is m turn treated with various alcohol, thiol, or amine nucleophiies. or 
with organometallic nucleophiies. followed by protection of the alcohols with a protecting group P . to 
provide compounds of the formula LXV. wherein d * 0 or 1. and R$ = o and R5 are as defined above. 
Saponification of LXV followed by coupling with various ammo acid esters or amides and deprotection of 
the alcohol protecting groups provides compounds of the formula LXVI. wherein R 80 3 may be NH or 0. d=* 
0 or Land Rssc and Rj are as defined above. 

As outlined in Scheme 12. the compound of the formula LXIH may be oxidized with the Swern reagent 
in a solvent like THF. and without isolation, treated with an organometallic reagent, such as a Gngnard 
reagent, to provide compounds of the formula LXVII. These compounds, may in turn, be converted to the 
carbamates LXVIM with an isocyante. wherein R| 0 « is hydrogen or benzyl or subsituted benzyl. These 
carbamates may then be treated with a strong base such as potassium t-butoxide or sodium hydride in a 
suitable solvent such as THF. and the resulting cyclic carbamates treated with hydrogen over a palladium 
catalyst to provide compounds of the formula LXIX. 

As outlined in Scheme 13. compounds of the formula LV may be converted to the oxime LXX with 
hydroxylamine hydrochloride in the presence of pyridine. These compounds may then be reduced with 
hydrogen over a catalyst to provide compounds of the formula LXXI. 
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Bis-(2-phenylethyi)sulfoxide. 



to 



A solution of 7 25 mmol of the resultant compound of Example 1 A in 40 ml of methanol and 10 ml of 
water was cooled to 0' C and treated with 2.23 g (3.63 mmol) of OXONE. After being stirred at 0* C for 2.5 
h. the solution was partially concentrated In vacuo, diluted with water, extracted with three portions of 
chloroform, dried over MgSOi. and concentrated. Flash chromatography using 30% ethyl acetate in 
chloroform gave 1.37 g (73%) of the desired compound (R, 0.30. 30% ethyl acetate in chloroform) as a 
pure white solid, m.p. 70-71 # C. 'H NMR (CDCb) 6 2.8-3.0 <m, 4 H), 30-3.2 (m. 4 H), 7.2-7.4 (m, 10 H) 
Mass spectrum: (M ♦ H)* * 259. 

Anal. Calcd. for C^H^OS: C, 74.38; H. 7.02; S, 12.41. Found: C. 74.26; H. 7.04; S. 12.16. 
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Example 3A end 3B 
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1 .5-Diphenyl-3-pentanone (3A) And l.5-Diphenyl-3-pentanol (3B). 

A mixture of 1.00 g (4.27 mmol) of dibenzyiidene acetone and 0 15 g of 10% palladium on carbon in 
150 ml of methyl cellusolve was shaken under 4 atm. of hydrogen for 2 h. The solution was filtered and 
concentrated in vacuo. Flash chromatography using 10-20% ethyl acetate in hexane gave 0.60 g (59%) of 
1.5-diphenyl-3-pentanone (H, 0.43, 20% ethyl acetate in hexane) as a colorless oil and 0.29 g (28%) of 1.5- 
diphenyl-3-pentanol (R* 0 36) as a white solid, m.p. 43-45* C. 1 ,5-Diphenyl-3*pentanone: f H NMR (CDCiji 6 
Z71 (t, J « 7 Hz. 4 H). 2.89 (t. J * 7 Hz. 4 H). 7.1-7.3 (m. 10 H). Mass spectrum <M ^NHi)* « 256 
Anal. Calcd. for C«/H«,0: C. 85.67; H. 7.61. Found: C. 65.39; H. 7 63. 

1,5-Oiphenyl-3-pentanol: 'H NMR (CDCIi) 5 1 39 fd. J » 5 Hz. 1 H). 1.7-1.9 <m. 4 H). 2.6-2 9 (m. 4 H). 
3.68 (m. 1 H), 7.1-7 3 (m. 10 H). Mass spectrum (M + NH*)" * 258 
Anal. Calcd. for C ;H 23 0: C. 84.96; H. 8.39. Found: C. 84.89; H, 8.18. 
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Example 4 



1 .3-Diphenoxy*2-propanof. 



According to the procedure of Piantadosi et. ai. (J. Med. Chem., 1976. 19. 222) a solution of 4 0 mi (45 
mmol) of phenol »n 30 ml of dioxane was treated with 0 95 g (24 mmol) of powdered sodium hydroxide and 
heated to reflux. Upon dissolution of the solid, the brown, refluxing solution was treated dropwise with i 69 
ml (22 mmol) of eoichlorohydnn over a period of 10 mm. After being heated at reflux for 5 h. the solution 
was cooled, concentrated m vacuo, taken up into ether, washed with several portions of water, dried over 
MgSO*. and concentrated. Recrystallization from 2-propanol gave 1.87 g (35%) of the desired compound 
(Ri 0.33. 30% ethyl acetate m hexane). 'H NMR (COCb) 6 2.58 (d. J = 5 Hz. 1 H). 4 16 <dd. J * 10. 6 Hz. 
2 H). 4.17 (dd, J * 10 6 Hz, 2 H). 4.40 (sextet. J = 6 Hz. 1 H), 6 9-7.0 (m, 6 H). 7 2-7 35 (m. 4 H) Mass 
spectrum (M ♦ NH 4 } * ■ 262. 
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A solution of 0.44 ml (6.2 mmol) of dimethylsulfoxide in 25 ml of dichloromethane was cooled under 
inert atmosphere to -63' C. treated with 2.3 ml (4.6 mmol) of oxalyl chloride (2M in dichloromethane). and 
Stirred for 15 min. A solution of 0.75 g (3.1 mmol) of the resultant compound of Example 4 in 10 ml of 
dichloromethane was subsequently added, the solution was stirred for 30 min. and 1.73 ml (12.4 mmol) of 
trlethylamine was added. After stirring for an additional 15 min. the solution was quenched with 10% 
aqueous citric acid t poured into a mixture of 1:1 ether:hexane and 10% citric acid, extracted with ether, 
washed with aqueous brine, dried over MgSOi. and concentrated to a yellow oil. Purification by flash 
chromatography using 20% ethyl acetate in hexane gave 0.62 g (83%) of the desired compound as a white, 
crystalline solid, m.p. 55-57' C. 'H NMR (CDCb) 5 4.89 (S. 4 H), 6.92 (m. 4 H). 7.02 (m. 2 H), 7.30 (m. 4 H). 
Mass spectrum (M + NHO* « 260. 



Example 6 



A. 3-Hydroxy-5'phenyi- 1 -pentene. 



Vinylmagnesium Bromide (120 mmol. 1 M) m ether was added to 80 ml of dry tetrahydrofuran and 
cooled under inert atmosphere to 0*C. Hydrocinnamatdehyde (8 0 ml. 61 mmol) was added dropwise. and 
the solution was stirred for 10 min. quenched cautiously with saturated aqueous ammonium chloride, 
extracted with ether, washed with saturated brine, dried over MgSO*, and concentrated to give 9.82 g 
(98.6%) of the crude desired product. 



8. 3-(t-Butyldimethylsi)ytoxy)-5-phenyH-pentene. 
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A solution of the resultant compound of Example 6 A (9 82 g. 60.6 mmol) and 8.2 g (120 mmol) of 
imidazole in 30 ml of dimethyiformamide was treated with cooling (cold water bath) with 10 g (66 mmol) of 
t*butyldimethyisilyl chloride and stirred at ambient temperature. After 1 h, the solution was diluted with 1:1 
etherthexane. washed with three portions of water, dried over MgSO*. and concentrated in vacuo. Flash 
chromatography using 3% ethyl acetate in hexane gave 1 3 2 g (79%) of the desired compound as a 
colorless Oil. H NMR (CDCIi) 5 0.04 (s. 3 H). 0.07 is. 3 Ht 0 90 (s. 9 H>. 1.81 (m. 2 H). 2 66 <m. 2 H). 4 16 
(q, J - 6 Hz, 1 H). 5.07 (dt J = 10. 1 Hz. 1 Hi. 5'8 (dt. J = 17. i Hz. 1 H), 5 84 (ddd. J ■ 17 10. 6 Hz. 1 
H). 7.1-7 3 (m. 5 H) Mass spectrum: (M + H)* = 277 
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C. 2*ft*Butyldimethylsiiyio<y)»4-chenyibutyraiciehyde 
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A solution of 0 81 g (2.93 mmol) of the resultant comoound of Example 68 m 20 ml of dichloromethane 
and 10 ml of methanol was cooled to -78* C. A mixture of ozone <n air was bubbled through the solution 
until a blue color persisted. Air was bubbled through the solution to discharge excess ozone, and the 
solution was treated with dimethylsulfide. After being stirred overmgnt at ambient temperature, the solution 
was diluted with dichloromethane. washed with water, dried over MgSO*. and concentrated m vacuo to give 
0.81 g (100%) of the crude desired product. 



D. (Z)-Methyi 4-(t-Buty!dimethy!S!iyicxy>-6-chenyi-2-hexenca!e 



Pi 

H 



A suspen;:on of 120 mg (3.0 mmol) of sodium hydnde (60% suspension m oil) m 20 ml of 
55 tetrahydrofuran was cooled to 0*C and treated with a solution of 937 mg /2 95 mmoU of bisi2.2.2- 
tnfluoroethyO(methoxycarbonyimethyl)phosphonate m 5 ml of tetranydrofuran The resulting solution was 
stirred for 10 mm at 0* C, treated with a solution of 2.93 mmol of ;he r esultant comoound of Examo'e 6C m 
5 ml of tetrahydrofuran. and stirred at amoient temperature for i h The solution was subseauentiy 
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quenched with aqueous ammonium chloride, extracted with ether, washed with saturated brine, dried . ver 
MgSO*. and concentrated in vacuo. Flash chromatography using 3% ethyl acetate in hexane gave 578 mo 
(59%) of the desired compound. H NMR (CDCIj) 5 0.02 (s. 3 H). 0.0A (s. 3 H) t 0.90 <s. 9 H) t 1 83 (m 2 H) 
2.64, (ddd, J - 13. 11,6 Hz. 1 H), 2.77 (ddd, J * 13. 11. 8 Hz. 1 H). 3.70 <s. 3 H). 5.38 (brq, J . 7 Hz i 
H). 5.72 (dd. J ■ 11, 1 Hz. i H), 6.21 (dd. J * 11, 8 Hz, 1 H), 7 15-7.3 <m, 5 H). Mass spectrum (M + H\* 
« 335. ' 



to 



E fZ)-4-(t'Butyldimethylsilyloxy)-6*phenyl-2*hexenoic Acid. 



rs 



A solution of 567 mg (169 mmol) of the resultant compound of Example 60 in 13 ml of dioxane was 
cooled to 0 C. treated wrth 6.5 ml (3.2 mmol) of 0.5 M aqueous lithium hydroxide, and stirred at ambient 
temperature for 24 h. The resulting solution was poured into chloroform/ 1 N HCi. separated, dried over 
MgSO*. and concentrated to give the desired product. 'H NMR (CDCl 3 ) h 0.04 (s. 3 H) 0 09 (s 3 H) 0 91 
(3. 9 H). 1.88 (m. 2 H), 2.66. (m, 1 H), 2.78 (m. 1 H), 5.31 (br q, J * 7 Hz, 1 H). 5.78 (dd J * 12 1 Hz 1 
H>, 8.34 (dd. J » 12. 8 Hz. 1 H), 7.15-7.3 (m. 5 H). Mass spectrum (M ♦ H)' » 321. 
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F. (2VN-<3-Methylbutyi)*4*(t-butyldimethylsilyloxy)-6*phenyl-2-hexenamide. 



30 



A solution of the resultant compound of Example 6E (225 mg, 0.70 mmol) and 0.85 ml of 4- 
methylmorpholine in 15 ml of dichloromethane was cooled to 0* C and treated with 0.10 ml (0.77 mmol) of 
isobutyl chloroformate. The resulting solution was stirred for 10 mm, treated with 0 089 ml (0.77 mmol) of 
isoamylamine. and stirred at ambient temperature for 2 h. The solution was subsequently diluted with 
dichloromethane. washed sequentially with 10% aqueous citric acid and aqueous NaHC0 3 . dried over 
Na 3 S04. and concentrated. Flash chromatography using 15% ethyl acetate in hexane gave 245 mg (90%) 
of the desired compound as an oil. *H NMR (CDCIi) 6 0.04 (s. 3 H>. 0 09 (s, 3 H). 0.90 (s. 9 H). 0.92 (d J * 
7 Hz. 6 H). 1.41 (br q. J * 7 Hz. 2 H). 1.63 (heptet. J 3 7 Hz, 1 H). 1.86 (m. 2 H), 2.63 (m 1 H) 2 78 (m 1 
H). 3.30 (m. 2 H). 5.50 (br q. 1 H). 5. 59 (dd. J = 11. 1 Hz. 1 H). 5.98 (dd. J = 11. 8 Hz. 1 H), 7 15-7 3 (m 5 
H). Mass spectrum (M ♦ H) = 391 



G. ^Z)-N-(3-Methyibutyl)-4*hydroxy6*phenyt"2-^exenamfde. 



50 



A solution of 58.7 mg (0151 mmol) of the resultant compound of Example 6F in 1 ml of tetrahydrofuran 
was treated with 0.18 ml (0 18 mmol) of tetra-n-butyiammon»um ffuonde (1 M .n tetrahydrofuran). After being 
Stirred for 1 h, the solution was concentrated m vacuo, Flash chromatography using 60% ethyl acetate m 
chloroform gave 26 9 mg (65%) of the desired compound as an oil. H NMR (COCb) b 0.93 (d. J » 7 Hz 6 
H). 1.43 (q. J * 7 Hz. 2 H\. t 63 (heptet. J « 7 Hz, 1 H). 1.93 <m. 2 Hi. 2 80 (m, 2 H). 3.32 (m. 2 MM 58 
(m. 1 H). 5.69 (br. 1 H). 5 72 (dd. J * 12. 1 Hz. 1 H), 6.19 (dd. J = 1 2. 6 Hz. i H). 7.15-7.3 (m 5 H) Mass 
Spectrum (M ♦ H) a 276 



ExamDie 7 



A. N-(3-Memytbu^(W2MiMt-butyic?imethyisilyioxy»0-ohenyipfCDy!)-cyc!oofOoane-i<arboxamide. 



if 



1 



The resultant comoourd of Examole 6F was treated with duodomethare and diethyizmc according to 
m the procedure of (to [Organic Synthesis. 1980. 59. 1 13) to give the des.red compound. 



N-O-MAihyitutyn^-it^vdroxy^-phenytpropyh-cyCopfOoane- 1 -carbOKamide. 
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Using the procedure of Example 6G with the resultant compound of Example 7A gave the desired 
compound. 



Example 8 
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t: cis-N-(3-Methylbutyi)-4«(t-butyldimethyisiiyioxy)-6'phenyi*2-hexenamide*2.3*oxide. 
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A solution of 235 mg (0.59 mmol) of the resultant compound of Example 6F and 270 mg (1.25 mmol) of 
m-chloroperbenzoic acid in 5 ml of dichloromethane was allowed to stand at ambient temperature for 6 d. 
The resulting solution was diluted with ether, washed sequentially with 10% aqueous Na 2 S 2 0 3 and aqueous 
NaOH then with saturated brine, dried over MgSOi. and concentrated in vacuo. Flash chromatography 
using 20% ethyl acetate in hexane gave the desired compound as a ca. 2:1 mixture of diastereomers Major 
diastereomer: H NMR (CDCIj) * 0.07 (s. 3 H), 0.13 (s, 3 H), 0.90 (d. J * 7 Hz. 3 H>, 0.91 <d. J » 7 Hz. 3 
H). 0.96 <s, 9 H), 1 29 <br q. J * 7 Hz. 2 H), 1.58 {heptet. J * 7 Hz. 1 H). 1.82 (m. 2 H). 2.60 (m. 1 H) 2 78 
(m. 1 H). 3.16 (m. 2 H). 3.35 (td. J » 8. 5 Hz. 1 H). 3.51 (d, J » 5 Hz. 1 H>, 5.98 (br. 1 H), 7.15-7.3 (m 5 
H). Mass spectrum (M + H)* » 406. 

Minor diastereomer: *H NMR (CDCIj) 6 0.01 (s. 3 H>, 0.07 (s. 3 H), 0.90 (d. J ■ 7 Hz. 6 H), 0 91 <s. 9 H), 
1.27 (br q. J » 7 Hz. 2 H), 1.56 (heptet. J « 7 Hz. 1 H>, 1.99 (m. 2 H), 2.73 (m. 1 H), 2.84 (m. 1 H), 3.09 
<m, 1 H), 3.11 (dd. J » 8. 4 Hz. 1 H). 3.20 (m. 1 H). 3 41 <dt. J ■ 9. 6 Hz. 1 H). 3.51 (d. J » 4 Hz 1 H) 
5.81 (br. 1 H). 7.2-7.35 (m, 5 H). Mass spectrum <M ♦ H) # * 406. 

B. cis-N«(3-Methylbutyl>*4-hydroxy6-phenvi>2-hexenamide-2.3-oxide. 

Using the procedure of Example 6G separately with the maior and minor diastereomers of Example 8A 
gave, after flash chromatography using 60% ethyl acetate <n chloroform. 90% and 86% yields of the 
desired compounds, respectively. Maior diastereomer H NMR <CDCl 3 ) b 0.90 <d. J » 7 Hz. 3 H>. 0 91 (d. J 
* 7 Hz. 3 H). 1 29 fbr q, J » 7 Hz. 2 H>, 1.57 (heptet. J = 7 Hz. i H). 1.89 <m. 2 H>. 1.96 (d. J « 4 Hz. 1 
H). 2.69 (m. 1 Hi. 2.80 (m. 1 H>, 3.03 (m. 1 H). 3.19 <dd. J » 8. 5. Hz. 1 H>, 3.22 (m. 1 H). 3 35 (m 1 H) 
3 58 (d. J • 5 Hz. i H), 8.01 (br. 1 H). 7 15-7 3 <m. 5 Hi. Mass spectrum <M ♦ H)* • 292 
Minor diaitoraomor H NMR (COCIj) 4 0 90 (d. J • 7 Hz, 3 Hi, 0 91 (0. J • 7 Hz 3 H>, 1.20 <m, 2 Hi, 1 55 
(heptet. J ■ 7 Hz. I H). 2.02 fm, 2 H). 2 47 (d. J ■ 3 Hz. 1 H>. 277 (m. 1 H), 2 85 |m. 1 H>. 3.11 (m 1 H) 
3.13 (dd. J ■ 9 5 Hz. 1 H>. 3 24 (m. 2 H). 3 56 (d. J - 5 Hz. 1 H), 5.96 (br. 1 H). 7 2-7 35 (m. 5 H) Mass 
spectrum (M + H>* « 292. 



Examole 9 



Di-(2-phenylethynphosphine Oide 



To a solution of 25 mmol of (2-phenyl>ethy!magrtesium bromide m 25 ml of diethyl ether was added 
dropwise with cooling (ice bath) 0.92 ml (7.14 mmoi) of diethyl phosohite. The resulting solution was heated 
at reflux for 2 h. cooled, and treated with aqueous ammonium chloride. The product was extracted with 
ether, dried over MgSOi . and concentrated m vacuo. Flash chromatography using ethyl acetate gave 1.23 g 
(84%) of the desired compound (R» 0.64. 10% methanol <n chloroform) as a colorless oil. H NMR (CDO>> * 

15*7.4 (m. 10 H) Mass spectrum <M ♦ H)* 



2.0-2.2 (m. 4 Hi. 2 85-3.1 <m. 4 H). 6.89 (dm, J « 455 Hz. t H) 
» 259. 
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Example 10 



A 2-(t-ButyloxycarbonylaminoH.5-diphenylpent-3-ene. 



to 



20 



25 



30 



3$ 



A solution of 151 g (54 5 mmol) of the resultant compound of Example 6A and 38 ml (220 mmol) of 
diisopropyiethylamine in 450 ml of dry dichloromethane was cooled under Nj atmosphere in an acetone ice 
bath and treated dropwise with 8.5 ml (110 mmol) of methanesuifonyl chloride. The solution was stirred for 
7 min after addition was complete, then was quenched with 400 ml of 10% citric acid. The bath was 
removed, and the mixture was extracted with 800 mi of ether. The organic layer was washed sequentially 
with 500 ml of water and 300 ml of saturated brine, dned over MgSO*. and concentrated in vacuo to give 
the crude mesylate as an off-white solid. To a flame-dried 3*neck 1000 mt flask equipped with an internal 
low-temperature thermometer was added M5 g (16 mmol) of anhydrous cuprous cyanide. The flask was 
then charged with 500 ml of anhydrous tetrahydrofuran. The suspension was cooled under N2 altmosphere 
m a dry ice/acetone bath. A solution of phenyimagnesium bromide (55 ml. 165 mmol) in ether (3M) was 
added via syringe. The bath was removed, and the resulting beige suspension was warmed with stirring by 
use of a water bath. As the internal temperature reached -5* C. the solid began to dissolve, and the solution 
began to turn darker. By the time the internal temperature reached -i*C. the solution was homogenous, 
and was immediately recooled by placement of the flask in a dry ice acetone bath. As the internal 
temperature reached -65 *C. addition of a solution of the above crude mesylate m 75 ml of tetrahydrofuran 
was added via cannula. The resulting solution was stirred at Cd -70* C for 15 mm The bath was then 
removed, and the solution was immediately treated with 1 00 ml of saturated aqueous ammonium chloride 
followed by 300 ml of ether As the mixture warmed. 100 mi of 1 N NH«OH was added, and the mixture 
was stirred under air atmosphere for several hours while the aqueous layer turned dark blue. The mixture 
was then extracted with 500 mi of ether. The organic layer was washed with saturated brine and 
concentrated in vacuo without drying to give a yellow oil. The combined aaueous layers were extracted with 
SCO ml of additional ether, which was added to the above oil. The resulting solution was washed with 
saturated bnne, dried over MgSO*. and concentrated to a yellow oil. The oil was taken up m 100 mi of 
dichloromethane. treated with 50 g of silica gel. and concentrated in vacuo until the residue was a freely 
flowing solid. The solid was placed on too of a 60 mm column containing 300 g of silica gel and eluted 
sequentially with 1200 mi of hexane (to bring out bionenyi formed as a side product) followed by 5000 ml of 
5% ethyl acetate m hexane. Combination of the pure fractions gave 11.95 g <65%) of the desired 
compound. H NMR (CDCh. maior isomer* 5 1 40 (s. 9 H). 2 7-2.9 m. 2 H), 3.32 (d. J * 7 Hz. 2 H), 4.4 ibr. 
2 H). 5.43 (dd. J - 15. 6 Hz. 1 H) 5.64 (dt. J = 15. 7 Hz. 1 H), 7.0-7.3 (m. 10 H). 



8_ 2Mt'Butyioyycarbonyiamino)-i,5»diphenyipent*3-ene*3.4-oxide. 



50 



53 



A solution of 11.71 g 134 75 mmol) of the resultant compound of Example 10A in 200 ml of 
dichloromethane was treated with 15 g (174 mmot) of solid sodium bicarbonate, cooled to 0* C. and treated 
with 24 g (69 mmol) of m-chioroperbenzoic acid (50°©). The resulting suspension was sealed with a septum 
and stirred m a cotd room <5*Ci for three days. The resulting mixture, which contained much precipitate, 
was decanted mto a 1000 mi flask. The white residue was broken up and washed out with 400 ml of 10% 
sodium thiosuifate solution and 300 ml of ether. The two-phase mixture was stirred for 2 hours, and the 
tayers wero separated. The organic layer was washed sequentially with 200 ml portions of 2 M NaOH. 
water, and saturated bnne. The combined aaueous fayers were extracted with 200 ml of ether, which was 
washed sequentially with 50 mi of water and 50 ml of aaueous bnne. combined with the original organic 
phase, dned over MgSO«. and concentrated m vacuo The resulting oil was ta*en up m 100 mi of 
dichloromethane, treated with 50 g of sihca gel. and concentrated >n vacuo until the residue was a freely 
flowing solid. The solid was Diaced on top of a 60 mm co'umn containing 300 g of silica gel and etuted 
sequentially with i000 ml of 5°o ethyl acetate m hexane fciiowea by 3500 mi of 12% ethyl acetate »n 
hexane. Concentration of the combined fractions gave 9 36 g (76°»» of the desired compound <ca. 4 t 
mixture of diastereomers) as an 01' which soiidifiad upon standing 



'MS 
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£ 4-A2idO"2"(t»butyloxycarbonylamino)«i,5-diphenyl»3.hydroxypentane. 

A solution of 9.i2g (25.84 mmol) of the resultant compound of Example 10B, 70 g (140 mmol) of 
5 lithium azide, and 1.73 g (32 mmol) of ammonium chloride in 75 ml of dimethylformamide and 7.5 ml of 
water was heated in an oil bath at 70* C for 32 hours. After being allowed to cool, the resulting solution was 
treated with 1000 ml of i:t ether hexane and 800 ml of water. The layers were separated, and the aqueous 
layer was extracted with 500 ml of additional 1:1 ether hexane. The combined organic layers were washed 
sequentially with 400 ml of water and 200 ml of saturated brine, dried over MgSOi, and concentrated in 
to vacuo to a solid. The solid was taken up in 100 ml of dichloromethane. treated with 50 g of silica gel. and 
concentrated in vacuo until the residue was a freely flowing solid The solid was placed on top of a 60 mm 
column containing 300 g o' silica gel and eluted sequentially with 1000 rr, of 10% ethyl acetate in hexane. 
1000 ml of 15% ethyl acetate m hexane. and 2000 ml of 25% ethyl acetate in hexane. Concentration of the 
fractions gave 9.26 g (91%) of the desired compound as a ca. 4:1 mixture of diastereomers. *H NMR 
ts (CDCb) a 1.42 (s. 9 H), 2.78 (m. 1 H), 2.89 (m. 1 H). 3.13 <m. 1 H), 3.29 (m, 1 H), 3.41 (m. 1 H). 3.53 (m. 1 
H), 3.80 (m. 1 H). 4.06 <m. 1 H>, 4.83 (m, 1 H). 7.2-7.35 <m, 10 H). Mass spectrum (M + H)* « 338. 



Example 11 

20 



4-AminO'2«(t"butyloxycarbonylamino)*l.5»diphenyl-3-hydroxypentane. 

2$ 

A rapidly stirring suspension of 10 mg of 10% palladium on carbon in 0.3 ml of methanol was treated 
under inert atmosphere with 60 mg (0.95 mmol) of solid ammonium formate. After 3 min. a solution of 52 
mg (0.13 mmol) of the resultant compound of Example 10C in 0.4 ml of methanol was added. The resulting 
mixture was stirred for 2 h. diluted with methanol and 1 N ammonium hydroxide, filtered through Celite. and 

30 concentrated in vacuo. The residue was treated with i N NaOH. extracted with two portions of chloroform, 
dried over sodium sulfate, and concentrated. Flash chromatography using 7.5% methanol in chloroform 
gave 37 mg (76%) of the desired compound (R f 0.38, 2.5% methanol 2% isopropylamme in chloroform) as 
a white solid, m.p. 134-135'C. H NMR (CDCl 3 ) « 1.48 <s. 9 H). 2 50 (dd. J * 13. 10 Hz. 1 H). 2.8-3.1 (m. 4 
H). 3,41 (br d. J « 7 Hz. i H), 4.11 (br q, J • 8 Hz. i H). 4.63 (br d. J * 9 Hz, 1 H), 7 15*7.35 (m. 10 H). 

35 Mass spectrum (M + H)* * 370. 

Anal. Calcd. for C2;Hi : N : (V0.15H;O: C, 70.81: H. 8.18; N. 7 51 Found: C. 70.89; H. 8.15: N. 7.43. 



Example 12 

40 ~~ 



2.4-piamino-1,5-diphenyt-3-hydroxypentane. 



The resultant compound of Example 11 (18 mg, 0.049 mmol) was treated with 1 ml of 4 M HCl in 
dioxane. stirred for 0.5 h at ambient temperature, and concentrated m vacuo. The residue was partitioned 
between chloroform and aqueous NaHC03. dried over NajSOi and concentrated to provide the desired 
compound (R» 0.12. 10% methanol m chloroform) as a white solid, m.p. 106-107' C. 'H NMR (CDClj) « 2.51 
so (dd. J » 13. 10 Hz. i H>. 2.67 (dd. J = 13. 9 Hz. 1 H). 2.85-3.0 <m. 2 H). 3.19 <m. 1 H), 3.38 (m. 2 H), 7.15- 
7.35 <m, 10 H). Mass spectrum; (M ♦ H)* * 271. 



Example 13 

55 ~" 



2 4-6is-Mrr ; ethvMsuifonyi)amino«i .S-dicne nyiQ-nycroxypentane. 

4 43 
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I 



to 



A solution of the resultant compound of Example 12 (0 049 mmol) and 0.032 ml (0.29 mmol) of 4- 
methylmorpholine in 1 ml of dichloromethane was cooled to 0' C and treated with 0 008 ml (0.10 mmol) of 
methanesulfonyl chloride. After 0.5 h. the solution was washed with 10% aqueous citric acid, dried over 
Na 2 S04. and concentrated. Flash chromatography using 5% methanol in chloroform gave 2.6 mg (13%) of 
the desired compound. H NMR <CDCI 3 ) 3 2.16 <s, 3 H), 2.34 <s, 3 H). 2.93 (m. 4 H). 3.41 (dJMHz 1 
H). 3.7-3.8 <m. 2 H), 3 92 (m. 1 H), 5.06 (d. J « 9 Hz, t H), 5.42 (d. J - 9 Hz. 1 H), 7 2-7.4 (m. 10 H). Mass 
spectrum (M^NHt) * 444. 



Example 14 



1 



rs 



20 



25 



2-Hydroxy-1,3-di(N-phenylamino>propane, 

A mixture of 0.25 ml (2.74 mmol) of aniline. 0.107 ml (1 37 mmol) of epichlorohydnn. and 60 4 mg (1 51 
mmol) of sodium hydroxide in 2 ml of dimethylformamide was heated at 110* C for 20 h. The solvent was 
removed in vacuo and the residue was purified by flash chromatography using 5% ethyl acetate in 
chloroform to give 21 mg (6%) of the desired compound (R, 0.63. 40% ethyl acetate in chloroform) *H 
NMR (COCh) « 3.21 (dd. J * 13. 8 Hz. 2 H), 3.37 (dd. J * 13. 4 Hz, 2 H). 4.13 (m. 1 H). 6.65-6 8 (m. 6 H). 
7.15-7.3 (m, 6 H). Mass spectrum <M ♦ H)* « 243. 



Example 15 



r 



. r 



30 



2-Hydroxy-l,3*di(S-phenyithto)propane. 



35 



Using the procedure of Example 4 but replacing phenol with thiophenoi gave, after flash chromatog- 
raphy using 10% ethyl acetate m hexane. the desired compound (1 21 g. 56%. R, 0.20. 10% ethyl acetate 
in hexane) as a colorless on. H NMR (CDCh) * 2.77 <d. J * 4 Hz. i H), 3.05 (dd. J » 1 4, 7 Hz, 2 H), 3.20 
(dd. J s 14, 5 Hz. 2 H). 3 82 (m, i H). 7.15-7 4 <m. 10 H) Mass soectrum (M + NH*f * 294. 



Examote 16 



43 



A^ 2'<2-Pheny1ethylM-oheny ibut- 1 -ene. 



55 



A suspension of i 59 g (4.45 mmol) of methyitrrphenyipnosphonium bromide in 100 ml of 
tetrahydrofuran was coo«ed to -78' C. treated with 2 2 ml <4 5 mmol) of n-butyllithium. warmed to 0* C. and 
recooied to -76* C The resulting solution was treated via cannula with a solution of 1.59 g (4.45 mmol) of 
l.5-diphenyl-3-pentanone m 20 ml of tetrahydrofuran. After being allowed to stir at ambient temperature for 
2 h. the solution was diluted with hexane. washed sequentially with water and saturated brine, dried over 
MgSO*. and concentrated m vacuo The mixture was purified by flash chromatography to give 0 90 g (86%) 
of the desired comoound as a colorless oil. H NMR (CDO?i h 2 37 it. J » 8 Hz. 4 H), 2 76 <t, J « 8 Hz. 4 
H), 4.81 (s. 2 H), 7 15-7 3 fm. 10 H). Mass spectrum <M*NH 4 »* = 254. 
Anal. Calcd for C- s H : 0 C. 91.47. H. 3 53. Found: C. 90 93 H. 8 56 



444 



B 2-(2-P H enyiethyiM-phery!but- 1 -ene- 1 .2-oxide. 
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10 



A solution of 107 mg (0.453 mmol) of the resultant compound of Example t6A in 2 ml of dich- 
loromethane was treated with 150 mg (0.68 mmol) of m-chloroperbenzoio acid (80%). After being stirred for 
40 min. the solution was treated with 10% aqueous sodium thiosulfate, stirred for 1 h, partitioned between 
ethyl acetate and aqueous NaOH. washed sequentially with water and saturated brine, dried over MgSOi. 
and concentrated. The residue was purified by flash chromatography using 10% ethyl acetate in hexane to 
give 133 mg (99%) of the desired compound (R ( 0 25. 10% ethyl acetate in hexane) as a colorless oil. ! H 
NMR (CDCh) a 1-95 fm. 4 H). 2.60 <s. 2 H), 2.71 (t, J « 9 Hz. 4 H), 7.15-7-3 (m. 10 H). Mass spectrum 
(M ♦ NH4)* » 270. 

Anal. Calcd. for dH^O'O.SHjO: C. 83.88: H. 806. Found: C. 83.62: H. 794. 



is 



Example 17 



20 



25 



A. trans-2-(N'Ben;yt>N-(ben2yioxycarbonyl)amino)*5-(t-butyioxycarbonylamino)-1.6-diphenyl'3»hexene. 

Using the procedure of Example 10A but replacing phenylacetaldehyde with N-benzyl-N- 
(benzyloxycarbonyi)phenyiaianmal gave, after flash chromatography using 20% ethyl acetate in hexane, 45 
mg (30%) of the desired compound. 'H NMR (d*-DMSO, 100* C) * 1.32 (s. 9 H), 2.54 (dd, J « 14, 7 Hz. 1 
H), 2.62 (dd, J « 14. 7 Hz, i H). 2.77 (dd. J * 14, 7 Hz. 1 H). 2.83 (dd, J « 14. 7 Hz. 1 H), 4.04 (br pentet, 
J * 7 Hz. 1 H). 4.20 (d. J = 16 Hz, 1 H), 4.33 <d. J » 16 Hz. 1 H), 4 48 (br q. J « 7 Hz, 1 H). 5.03 (AA\ 2 
H), 5.44 (dd. J 3 16. 6 Hz. i H), 5 61 (dd. J = 16. 7 Hz. 1 H), 7.0-7.4 (m. 20 H). Mass spectrum (M *H)* 
« 591. 



38. 2-(N-BenzyNN-{benzyfoxycarbonyi)aminoh3-(t-bu^ 



55 



40 



A solution of 40 mg (0 068 mmol) of the resultant compound of Example 1 7A in 1 ml of tetrahydrofuran 
was treated sequentially with 0.034 ml (0 0034 mmol) of osmium tetroxtde (2.5% in t-butanoi) and 20 mg 
(0.14 mmol) of 4-methyimororioiine-N-oxide. After 20 h. the solution was treated with 10% Na z SjOj. stirred 
for 15 mm. diluted with ether, cashed with two cordons of 10% NarSjOi. one portion of water, and one 
portion of saturated aqueous NaHCOj. dried over NajSOt. and concentrated m vacuo. Flash chromatog- 
raphy using 30% ethyl acetate m hexane gave me desired compound <Ri 0 43. 30% ethyl acetate in 
hexane) as a 2 i mixture of d'astereomers Mass spectrum <M*H)* « 625. 



45 



53 



Example 18 



2*(N-Benzyiamino)'5-<t*butyloxycarbonyiarr!inoh3.4*<3ihvdroxy*l 6»diphepy*-3-hexane. 



Ammonia <ca. 3 ml) was condensed into a precooied (-78 C) mixture of excess sodium metal m 2 ml of 
M tetrahydrofuran A solution of 25 mg (0.040 mmol) of the resultant compound cf Example 17B m 1 ml of 
tetrahydrofuran was added, and the resulting solution was stirred for 10 mm. quenched with saturated 
aqueous ammonium chloride, allowed to warm to ambient temperature, extracted with ether, dried over 
Na2SO*. and concentrated to give the crude desired product. Mass soectrum: (M ♦ H)* * 491. 



£*arro'e 19 



wmm 
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5-Amino.2-(N-ben2ylamino)-3>dihydroxy- 1 .6-diphenyl-3-hexane ^hydrochloride. 

The resultant compound of Example 18 (18 5 mg, 0.038 mmol) was traated with 1 ml of 4 M HCI in 
s dtoxane. After 1 h, the solution was concentrated in vacuo to give the desired compound. 



to 



Example 20 



1,5-Diphenyl-3«hydroxy-3»(hydroxymethy))pen;ane, 



rs 



20 



Using the procedure of Example 17B with 166 mg (0.70 mmol) of the resultant compound of Example 
16A gave, after purification by flash chromatography using 40% ethyl acetate in hexane. 114 mg (60%) of 
the desired compound (R, 0.27. 50% ethyl acetate in hexane). *H NMR (CDCh) a 1 77 (t J » 6 Hz i H) 

(mInho- nVsf ^ 1 2 4 H> ' <d ' J ^ 6 2 H) ' 7 ' 15 " 7 ' 35 (m * 10 ^ MaSS SP6Ctrum 

Anal. Calcd. for C.gHjjO?: C. 79.96; H, 8.20. Found: C, 8019; H. 8.06. 



Example 21 



A. 1.1-Di(phenoxymethyl)ethene. 



30 



35 



A solution of 2.0 ml (22.7 mmol) of phenol in 40 ml of dioxane was heated to reflux and treated with 
0.96 g (23.8 mmol) of sodium hydroxide. After the solid had dissolved, the solution was treated dropwise 
over a period of 15 mm with 1.25 ml (10.8 mmol) of 2-chioromethyl-3<hioro-l-propene. The resulting 
solution was heated at reflux for 6 h. allowed to cool, and concentrated in vacuo. The residue was taken up 
m ether, washed with several portions of water, dried over MgSO*. and concentrated to a yellow liquid 
Flash chromatography using 10% ethyl acetate in hexane gave 1.72 g (65%) of the desired compound as a 
colorless oil. *H NMR (CDClj) h 4.63 (m. 4 H). 5.35-5 45 <m. 2 H) 6.9-7 0 ( m. 6 H) 7 25-7 35 (m 4 H) Mass 
spectrum (M ♦ NH* > * 258. 



40 



1 1 «Di(phenoxymethy hethene* i 2-oxide, 



50 



A solution of 0.74 g (3.1 mmol) of the resultant compound of Example 21 A .n 15 ml of dlchloromethane 
was treated with 0.52 g (6.2 mmol) of sodium bicarbonate, cooled to 0* C. and treated with a solution of 0.8 
g (4.6 mmol) of m-chioroperbenzoic acid (80% >. The resulting solution was stirred at amoient temperature 
for 16 h. treated with aaueous sodium bisulfite, stirred for 30 mm. extracted with dichioromethane. washed 
sequentially with 1 N NaOH, water, and saturated brine, and dr.ed over MgSO* . Concentration of the 
solution gave an oil which was purified by flash chromatography using 10% ethyl acetate in hexane to give 
0.44 g (56%) of the desired compound (R, 0,50. i0% ethyl acetate m hexane). H NMR (COCIj) h 3.02 (s 2 
H). 4.26 (AA . 4 H). 6.9-7 0 (m, 6 H). 7.25-7 35 <m. 4H> Mass spectrum (M * NH*)" * 274. 



55 



Example 22 



N*(3'Methyibutyi)-5-ft-butyioxycarbonyiamino)-6-phenyN3-(phenyimethyiM«hydroxyhexanamid e 
4 46 
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30 



Using the procedures of Evans a* »i , * * 



Example 23 



'0 




20 mm w,ih 4t ml (82 mmol) of benzvi^n,! °' ,e,rah yd'°furan w „ freat d JJ2? S ; 

amb^nt temperature, poured ^SSS^Z^'^ '"^ SO,u,,on -s It eTotemS ? 
MgSO«. and concentrated in vacuo Filth ?i ammonium chloride, extracted with ethyl acetate dr « 
(12%) o; .he desired compouE^ ^1?°* ^ "*» h '^.S'JS^ 

7-4 (m. to H). Mass spectrum <m*H)* - 339 ' 5 * 6 H) ' 394 (s - 4 H >- 4 70 (s. 2 h>. 7* 



- 3 - < -° lh y<froxvi 6-dichenyihexan-P 



The resultant compound of Examola ?ia /irm _ 
?5 *•* ac.d. heated at reflux for s^S^ * ,3 h ^ mU ,rea,ed wth 10 ml of 80% aqueous 
Purified by flash chromatography 1?? 1 C ° 0 '- 3 " d c °"«™ated in vacuo. The crude prodSTSJ 

™ 0 ,5. 30., ^.~a:: yi . ^'^**?« mg (74%) "^«^ 

3 Hz. 1 H). 3 89 fd. J * 15 Hz P H\ 1 11 m , fUOClil a 2,39 (d. J • 5 Hz f HI prim i 



Example 24 
r6-Oiphenyl-2 .3.4,5- t etrahvdro X vh^ a n a 



45 



Example 25 



50 



55 




A solut.on of the resultant compound of Examm* ,n c , , 

0.22 g ,3.2 mmo„ of hydroxyzine hya ZZ« a 0 ^ ' * ^l" '° °' was treated 

resumng so.ut.on .as oart^oned between Ly, K9 " t an i l 1 . T* ' " amb ' em «*"°er«ur.. Tho 
vacuo. Flash chromatography UJing , 0 .. ' f n " a ,Cf 3r ' ed M gS0.. ano concentrated in 
compoj.no „ an , ooar „ nI 4 , , of j£ *™ J ° 53 9 Of .he Oes.red 

369 0 - « Hi '0 H, Mass spectrum ( M*H>* ■ 
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B. 3,4-Othydroxy»1.6»dlphenylhexan-2,5-dione Dioxime 



The resultant compound of Example 25A was deprotected according to the procedure of 23B to give 
s the desired compound. 



Example 26 



10 



3,4-Qihydroxy-1,6'diphenylhexan«2,5-dione Oimethyl Dioxime 



ts Using the procedures of Example 25A and 25B but replacing hydroxylamine hydrochloride with 
methoxyamine hydrochloride gave the desired compound. 



30 



Example 27 



3.4-Oihydroxy-l ,6-diphenylhexan-2,5-dione Dihydrazide 



Using the procedures of Example 25A and 25B but replacing hydroxylamine hydrochloride with 
hydrazine hydrate gave the desired compound. 



30 



Example 28 



8is«(1*phenyibut-2-yi)suifoxide 

Using the procedures of Example 1 A and Example 2 but replacing (2-bromoethyi)benzene with (2* 
bromobut-1*yl)ben*ene gave the desired compound. 



Examcie 29 



A. (2-PHenylethylH * * f luoro-2-phenylethyl)suifide. 



According to the procedure of McCarthy et. at (J. Amer. Chem Soc. 1985. 107. 735). the resultant 
compound of Examole 2 was treated with diethyiammosuifur tnfiuortde m dichioromethane to give the 
so desired compound. 



B (2-P^tenyiethyiHl -fiuoro-2-ohenyiethynsuifoxide. 



55 



Using the procedure of Examote 2 with the resultant compound of Example 29A gave the deseed 
comoound. 



448 
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Example 30 



A. 0*Ben2oyhN,N«di»(2*phenylethyl)hydroxylamine. 

According to the procedure of Vaouanc et. al. (Synthesis. 1985. 807), N.N-di-(2-pnenylethyi)amine was 
treated with bis(dipnenyiphosphinyi)peroxide to give the desired compound. 

B. N,N-OH2-phenylethyl)hydroxylan.ine. 

is According to the procedure of Vaouanc et. al. (Synthesis. 1985. 807). the resultant compound of 
Example 30A was treated with sodium ethoxide to give the desired compound. *H NMR (CDCl 3 ) h 2 9*3 0 
(m. 8 H). 5.62 (br s. 1 H>, 7.15-7.3 (m. 10 H). Mass spectrum: (M ♦ H)* » 242. 

Example 31 



25 



JS 



1 .5«0iphenyl-3«pentanone Oxime. 



Using the procedure of Example 25A with 1 .5-diphenyl-3-pentanone gave the desired compound. 
*> * Example 32 



3-Amino- 1 5-D*phenyipentane. 



According to the procedure of Feuer and Braunstem {J. Org. Chem. 1969. 34, 1817). the resultant 
compound of Example 31 was treated with borane to give the desired compound. 



Example 33 



*s N-f 1 5-Oiphenylpent-3-yl)nydroxylamtne. 

A solution of 0 37 g (i 55 mmol) of 1.5-diphenyl-3-pentanone in 20 ml of 2-propanol was treated with 
0.22g (3.1 mmou of nydroxyiamme hydrochloride and 0.31 g (4.7 mmol) of anhydrous sodium acetate. After 

so being stirred for TO mm. the mixture was treated with 0.20 g (3.2 mmol) of sodium cyanoborohydnde and 
stirred at ambient temperature for 16 h. After concentration in vacuo, the residue was taken up »n ethyl 
acetate, washed seauentiaiiy with aaueous NaHCOi and saturated brine, dried over MgSO*. and con- 
centrated. Flash chromatography using 40% ethyl acetate m chloroform gave 1 21 mg (31%) of the desired 
compound (R. 0 16. 30% ethyl acetate m chloroform) as a white solid, m.p. 54-55* C. H NMR (CDCI3) * 

55 17-1.85 (m. 2 H). t 85-2.0 (m. 2 H). 2.6-2.75 (m. 4 H). 2.90 (pentet. J * 6 Hz, 1 H). 5.22 (br. 2 H). 7 1-7 35 
(m. 10 H). Mass spectrum <M ♦ H)" ■ 256 

Anal Calcd for C *H ; NO C. 79 96. H. 8 29; N 5 49 Found C. 79 82: H, 8.39. N. 5.50. 
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Example 34 



3 A N«Methyl-N-methoxy-2-hydroxy-3-phenylpropanamide. 



A solution of 2.0 g (12 mmol) of pheny (lactic acid. 1.17 g (12 mmol) of N.O-dimethylhydroxy (amine 
hydrochloride, and 178 g (13 mmol) of 1 -hydroxy ben20tria20le m 20 ml of dimethyiformamide was treated 
sequentially with 2.77 ml (25 mmol) of 4-mothylmorpholine and 2.53 g (13 mmol) of N-ethyi-N - 
(dimethylaminoethyl)carbodiimide. After being stirred at ambient temperature overnight, the solution was 
diluted with ethyl acetate; washed sequentially with water. 10% citric acid. »queous NaHCOi. and saturated 
brine; dried over MgSCX; and concentrated in vacuo to give 2.5 g (100%) of the crude desired compound. 
'H NMR (CDCIj) « 2.86 <dd, J « 14. 7 Hz, 1 H). 3.08 (dd. J « 14. 4 H*\ 1 H). 3.23 (S, 3 H), 3.72 (s, 3 H), 
4.62 (m. 1 H). 7.2-7.3 (m, 5 H). Mass spectrum (M + H)* 3 210. 



B. N-Methyl-N-methoxy-2-fluoro-3-phenyipropanamide. 



The resultant compound of Example 34A (0.5 g, 2.4 mmol) m 5 ml of dichloromethane was treated with 
0 63 ml (4 8 mmol) of diethylaminosulfur trifluoride and stirred at ambient temperature. After 16 h. the 
solution was quenched with water, washed with aqueous NaHCOj, dried over MgSOt. and concentrated. 
Flash chromatography using 20% ethyl acetate in hexane gave 210 mg (42%) of the desired compound. H 
2S NMR (COCIj) * 3.1-3.2 <m, 2 H). 3.21 (s, 3 H). 3.68 <s. 3 H). 5.37 (dm. J * 50 Hz. 1 H). 7.2-7.4 (m. 5 H>. 
Mass spectrum (M + NH*)* * 229. 



C i .5«Dipheny i-2*Huoro-3-pentanone. 

30 

A solution of 200 mg <0.1 mmot) of the resultant compound of Example 348 in 3 ml of tetrahydrofuran 
was treated with 0.36 ml (0.36 mmol) of 2-phenyiethyimagnesium bromide and stirred at ambient 
temperature for 16 h. The resulting solution was treated with water, extracted with ethyl acetate, washed 
35 sequentially with aqueous ammonium chionde. water, and saturated brine, dried over MgSO*. and 
concentrated. Flash chromatography using 5% ethyl acetate m riexane gave 108 mg (44%) of the desireo 
compound (R f 0 60. 15% ethyl acetate m hexane) as an otl. *H NMR (CDCI3) 6 2.5-3.3 (m. 6 H). 4.96 (ddd. J 
» 50. 8. 4 Hz. 1 H). 7.1-7 3 <m. 10 H). Mass spectrum (M*NH*) + = 274, <M + NH4 + H 2 0)* » 290. 

40 

Example 35 



45 2,4*Bis-fN-acetyiamino)-1.5-diphenyl-3-hydroxypentane 

A suspension of 0 037 mmol of the resultant comoound of Example 1 2 in 1 ml of aqueous NaHCO? was 
cooled to 0* C and treated with 0.04 ml of acetic anrv/tf ; ide. After being stirred for 40 mm, the solution was 
so extracted with dichloromethane. The organic phase was washed with saturated brine, dried over NajSOi. 
and concentrated. The crude material was recrystailized from dichloromethane ethyl acetate to give the 
desired compound (R» 0.7. 10% methanol in chloroform. 90% yield) as a white solid, m.p. 125-126* C Macs 
spectrum: (M ♦ H)" * 355 

55 

Example 36 
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15 



A Solution Of 10 25 0 f3fi 7 mm/Mi 

toluene waa coded to -7 8 *C undeTTn^t ? J";"; buty ' oxycarbo "y | )P^nylalanine methyl ester in 60 m. of 

treated wth 200 m, ,200 mmo,> of l^tcZl tl « ° S0 ' Uti0n " M 'or 5 m,n 

solution was subsequent* quenched cauSy wTh tZZT " "* m t0 °' C !or '« * t£ 

-myography uSing ^ _ ^ ~ ~ ^ « «* 



20 



A solution of 5 00 g (18 0 mm 0 >> of ^ , - 

methoxyoropene .n 50 ml of d,c*.c*o~ • We*.L —J??,?! ^ MA ™ 17 U80 mm °" * «• 
pyrid.n.um o-toiuenesuifonate. After se^a< ► r ° and treated with 0.21 g ,0 83 mmol> of 

NaHCOj . extracted w,rh dichtorometr*-. ~Z ZZ ZST S0 * u, ' 0n wa$ * 8a ™ aqueous 



25 



30 



05 




blue color pers,sted. Ory nitrogen w« bu^h ouoh the I? „ „T * ■"' Mm °' "° fte ,n air until * 
me resuming S o.ut,on was transferred ^^J^^^^ C °'° f " as and 
m 4.5 ml of acetic acid. 100 m. of water and 100 mi^SJrT tn $uspens,on of 4 5 9 of *nc metal 
n*.. altowed to warm to ambient temperature oZ^rTZ^^ 9 8,irred *» 5 

with dich.orome.hane. dried over MgSO. and concentr«w ZZ Z °* Uact «> «*» 

in hexane gave 4.4, g m) 0 , cS^^J^T^*^ ^ 30% 8,hy " ace,a,e 

(S. 9 H>. , 54 <br. 6 H). 2.8 (br. , H). 3 3 ,b7 ""T. q ,br Th ^J!™"'***- * H NMR ,CDCI >> ' »•« 
H). Mass spectrum (M ♦ H)* « 320 K 42 ^ ' H '' 72 ' 735 < m - 5 h>. 9.65 (br 1 



4S 



so 




(methoxycarbonvlmethyophosphonate .n 5 ml of te.rahl «Ll J . \ T™" °' biS( f "••"""oroethyl, 
solution of , 0 g (3 ,3 mmo.) of the resu,.an com™ 2 c ' ^ °' 10 m:n at 0 C - ,rea,8d a 
stirred a, amb.en, temperature fc^^^^^S.^ ExamP ' 9 36C " 5 °' ^ahydrofuran. and 
w,th ether, wasned w,,h saturated bwl^^SSF™ aque0US NH ' Cl ' 9xtfa «ed 

«S ethy, acetate ,„ hexane gave 0 K q}£™£!2'JF COnC8n,ra,ed Flash cNonwograohy using 

g »««g (69 ., C f the des.red compound. Mass spectrum: (M ♦ H>* . 378 

" ' c ' s| -3^-8enz yl .3.(,. bu , y i 0 , ycafbonyl) , 2 2 , rt , m . , hy , o ^ o|idin-5-y|| ^ ^ 



chioroform. acd.fied w„h , M HC , p Zow and 2 ^ 2 * " as 
Chloroform. The comb.ned orgamc ayers T t „Z )\ \ M T " U WaSn9d ad£,i, '0" a( 

compound as a ccioness o,. bd ° VOf MgS0 ' and concentrated ,0 g.ve .he des.red 
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F. (clshN^3-Methyibutyi)-3-(4-benzyl-3-(t-butyloxyc^^ 



According to the mixed anhydride procedure of Example 6F. the resuiiant compound of Example 36E 
5 was coupled to isoamyiamme to give 251 mg (100%) of the desired compound as a colorless oil. "H NMR 
(COCb) J 0.93 (d, J « 7 Hz. 6 H). 1.41 (t. J - 7 Hz, 2 H). 1.51 (s. 9 H), 1.57 (s, 6 H). 1.62 (heptet. J ■ 7 
Hz. 1 M). 2.9-3.4 (m. 4 H). 3.96 (m ( 1 H), 5.20 (m, 1 H>. 5.7-6.1 <m t 3 h). 7.15-7.3 (m, 5 H). Mass spectrum- 
(M + H) ■ 431 

to 

G (cis)-N-(3-Methylbutyi)-5«amino*4-hydroxy-6"Phenyl'2«hexenamide 



A solution of 48 mg (0.11 mmol) of the resultant comoound of Example 36F in 1 ml of dichloromethane 
rs was treated with 1 mi of tnfluoroacetic acid. After being stirred for 1.75 h, the solution was concentrated m 
vacuo, taken up in 3 ml of 2:1 tetrahydrofuranrwater, stirred for 45 mm. treated with solid KjCOi. extracted 
with chloroform, dried over MgSOi. and concentrated to give 21 mg (64%) of the desired compound H 
NMR (COCb) « 0.92 (d. J * 7 Hz. 6 H). 1.43 (m, 2 H) 1.63 (heptet. J a 7 Hz, 1 H), 2.9-3.1 (m, 3 H). 3 33 
(m. 2 H). 4.50 (m. 1 H). 5.36 (dd ; J = 12. 2 Hz. 1 H). 5.43 (br. 1 H), 6.22 (dd. J » 12. 6 Hz. 1 H). 7.2-7 35 
20 (m. 5 H). Mass spectrum: (M ♦ H)* » 291 



Example 37 

29 

(cis>-N-(3-Methylbutyiy-5-(acetyiaminoM'hydroxy*6-ohenyl-2-hexenamide. 

jo A solution of 28.2 mg (0.092 mmol) of the resultant compound of Example 36G in 1 ml of dich- 
loromethane was cooled to 0* C and treated sequentially with 0 010 ml (0.092 mmol) of 4-methylmorpholine 
and 0.087 ml (0.092 mmol) of acetic anhydride. After being stirred at ambient temperature for 1 h. the 
solution was partitioned between dichloromethane and water, dried over Na;SO*. and concentrated. Flash 
chromatography using 5% methanol m chloroform gave the desired compound (R. 0 15, 5% methanol in 

3$ chloroform). 'H NMR <CDCl 3 ) « 0 92 <d, J = 7 Hz, 6 H). 1.42 (q. J = 7 Hz. 2 H). 1 62 (heptet. J a 7 Hz, 1 
H). 1.94 (s. 3 H), 2.92 (dd. J « 13. 7 Hz. 1 H). 2.99 (dd. J = 13 5 Hz. 1 H). 3 32 (m, 2 H), 4.38 (m. i H), 
4.43 (m. 1 H). 5.74 (dd. J * 12. 2 Hz. 1 H>. 5.75 (br. 1 H>. 6 07 (br 1 H), 6 13 (dd, J » 12. 5 Hz. 1 H), 6.90 
(d. J » 4 Hz. 1 H). 7.2-7 35 (m. 5 H). Mass spectrum: (M ♦ H)" » 333. 

40 

Example 38 



*3 2.4-B<SM((N.N-dimethyiamino)sulfamoyi)amino»-i 5*dtchenyi*3»hydroxypentane 



The resultant comoound of Example 12B (0.1 mmol) was dissolved m 1 ml of dichloromethane and 
treated sequentially wnh 0.5 mmol of tnethylamine and 0.2 mmol of (N.N-dimethyl)ammosuifamoyl chloride 
50 After being stirred for 3 h. extractive workup gave the desired compound. 



55 



Example 39 



2 4-S'S-f N-(amtnocarbonyhaminoi- 1 .5'diohenyi»3«hydroxypentane. 
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20 



A solution of 01 mmol of the resultant compound of Example 12B and 0 2 mmol of sod.urr hydroxide 
In 1 ml of water was treated with 0.3 mmol of potassium cyanate. After being heated to 60'C tor i h the 
solution was coced. extracted with chloroform, dried over NajSO*. and concentrated to give the desired 
compound. 



Example 40 



OH2-phenytethyi)phosphmic Acid. 



The resultant compound of Example 9 (250 mg, 0.97 mmol) was added to 1C ml of 5.25% sodium 
hypochlorite. The resulting solution was stirred vigorously for 1 h, acidified, extracted with chloroform, 
washed w.th i N HCi and saturated brine, dried over MgSCV and concentrated m vacuo to give 217 mg 
(82%) of the desired compound <R ( 0.t2. 20% methanol m chloroform) as a glass. H NMR (CDCii) * 2 0- 
2.1 <m. 4 H), 2.9-3 0 (m. 4 H). 7.15-7.4 (m. 10 H). Mass spectrum (M ♦ H)" » 275. 



Example 41 



^5 



A. 3-(Azidomethyl)-i .5-diphenyl-3-hydroxypentane. 



Using the procedure of Example 10C with 242 mg (0.96 mmol) of the resultant compound of Example 
16B gave, after silica gel chromatography using 16% ethyl acetate in hexane. 259 mg (84%) of the desired 
M compound. H NMR (COCI?) 5 178 <s, 3 H), 1.90 (m, 4 H), 2.69 (m, 4 H), 3.41 (s. 2 H). 7.2-7.35 (m, 10 H). 
Mass Spectrum: <M ♦ NH*)* ■ 313. 



35 



3-(Aminomethyi)- 1 .5-dipheny t-3-hydroxypentane 



Using the procedure of Example 11 with 1F8 mg (0 536 mmol) of the resultant compound of Example 
41 A gave, after sHica gel chromatography using 2.5% methanol.2% tsopropyiamine m chloroform. 116 mg 
(81%) of the desired compound (R, 0.36. 2.5% methanol 2% isopropyiamine m chloroform) as a white solid 
m.p. 104-106'C. 'H NMR (COCli) * 11-15 (br. 2 H). 1 81 (m. 4 H). 2.70 (m. 6 H). 7.15-7.35 (m. 10 H). 
Mass Spectrum: (M + H)* « 270. 

Anal. Calcd. for CmH ;3 NO: C. 80.26: H. 8.61; N, 5 20. Found: C. 83.56. H. 8.99: N. 5.88. 



45 



Example 42 



so 



55 



mm 



2,8-Oinne!hyl-5-hydroxynonane 

A solution of 5.63 g (33 mmol) of 2.8-dimethylnonan-5-one m 150 ml of methanol was cooled to 0'C 
and treated with 0 8 g (21 mmol) of sodium boronydnde After 1 h. the solution was quenched with i N HCI: 
diluted with 1:1 hexane ether: washed sequentially with t N NaOH. water, and saturated bnne: dried over 
MgSOi; and concentrated m vacuo. Flash chromatography using 10° ethyl acetate m hexane gave 2.30 g 
(40%) of the desired compound (R f 0.36. 20% ethyl acetate m hexane) as a colorless oil. *H NMR (CDClj) h 
0.88 (d. J = 7 Hz. 6 h>. 0 89 (d. J = 7 Hz. 6 m. 1 1-1.6 fm. 10 H). 3.56 (m. 1 H) 
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Example 43 



A ^Benzyl-2^thoxycarbonyn,3»dithiane. 



10 



1$ 



A solution of 3 0 g (15 6 mmol) of 2-ethoxycarbonyM.3-dithiane in 40 ml of dry tetrahydrofuran was 
cooled under inert atmosphere to -78' C and treated with 7 5 ml (i 5 6 mmol) of n-butyllithium. The resulting 
solution was warmed to ^s'C. stirred for 20 m;n, recooied to -78* C, treated with t.8 ml (15.6 mmol) of 
benzyl chloride, and stirred at ambient temperature for 16 h After quenching with aqueous ammonium 
chloride, the mixture was extracted with ether, washed sequentially with water, aqueous sodium thiosuitate. 
and brine, dried over MgSO*. and concentrated in vacuo Flash chromatography using 5% ethyl acetate in 
hexane gave 3.9 g (88%) of the desired compound. H NMR (COCh) * 133 (t. J « 7 Hz. 3 H), 1 85 (qt. J 
■ 14, 3 Hz. 1 H) t 2.11 (dm. J ■ 14 Hz. 1 H), 2.69 (dt. J » 14, 4 Hz, 2 H), 3 23 (ddd. J « 14, 12. 3 Hz. 2 
H). 3.38 (S. 2 H). 4.27 (q. J * 7 Hz. 2 H). 7.25-7.35 (m. 5 H). Mass spectrum (M ♦ NH*T « 300. 



Hthyl 2.2-Difluoro-3-phenylpropanoate. 



20 



A solution of 0.50 g (176 mmol) of the resultant compound of Example 43A in 15 ml of acetonitrile was 
cooled to 0*C and trea*^d with a solution of 1.8 g (10 5 mmol) of N-bromosuccinimide in 15 ml of 
acetonitrile and 2 ml of water. After being stirred for 5 mm. the solution was added to 11 

25 hexane/dichloromethane. washed sequentially with aqueous sodium bisulfite, sodium bicarbonate, water, and 
saturated brine, dried over MgSO*, and concentrated to give 0.30 g of crude ethyl 3-phenylpyruvate. The 
crude residue was taken up in 3 ml of dry dichloromethane. treated with 0.83 ml (6.3 mmol) of 
diethylaminosulfur trifiuoride. and stirred at ambient temperature for 3 d. The resulting solution was cooled 
to 0*C, quenched cautiously with water, extracted with dichloromethane, washed sequentially with water. 

30 aqueous sodium bicarbonate, and saturated brine, dried over MgSO*. and concentrated in vacuo. Flash 
chromatography using 5% ethyl acetate in hexane gave 72 mg (25%) of the desired compound. ! H NMR 
(CDCIi) « 1.25 (t. J = 7 Hz. 3 H), 3.38 (t. J„^ = 16 Hz. 2 H), 4.24 (q. J = 7 Hz. 2 H), 7.25-7.35 (m, 5 H). 
Mass spectrum (M ♦NH4)" = 232. 



as 



C. 2,2-Difluoro-l.5-diphenyt-3-pentanone. 



A solution of 70 mg (0.33 mmol) of the resultant comoound of Example 43B m 3 ml of tetrahydrofuran 
was cooled to -78* and treated with 0.33 ml (0.33 mmol) of (2-phenylethyi)magnesium bromide (1 M in 

40 tetrahydrofuran). The resulting solution was allowed to warm to ambient temperature for 1 h. quenched with 
acetic acid in tetrahydrofuran. taken up in ethyl acetate, washed sequentially with aqueous ammonium 
chloride, water, and saturated brine, dried over MgSOi. and concentrated. Flash chromatography using 2% 
ethyl acetate in hexane gave 5.2 mg (6°o> of the desired comoouna <R« 0.71. 20% ethyl acetate in hexane). 
f H NMR (CDCIi) a 2.92 (t. J » 7 Hz. 2 H). 3.31 (t. J ■ 16 Hz. 2 H). 4 38 (t. J « 7 Hz. 2 H>, 7.1-7.35 (m. 10 

48 H). Mass Spectrum (M^NH*)* ■ 292. (M ♦ NH* ♦ HjO)" « 308 



Example 44 



50 



Ethyl 2.2-OtyiuoroO-hydroxy-5-cr>enyicef < tancate. 



55 According to the procedure of Thaisnvongs et ai {J. Me&. Chem.. 1986. 29. 2080). ethyl 
bromodifluoroacetate was condensed with hyorocmnamaide^vae !c give the desired compound. 
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Example 45 



'0 



'5 



2,2-Oifluoro-3«hydroxy-5-phenylpentanoic Acid. 



Using the procedure of Example 6E with the resultant compound of Example 
compound. 



Example 46 



N»(3'Methylbutyl)-2.2"dlfluoro-3"hydroxy-5*phenylpentanamtde. 



44 gave the desired 



Using the procedure of Example 6F with the resultant compound of Example 45 gave the desired 
20 compound. 



Example 47 



25 



N-(3*Methylbutyl>"2.2*difluoro-3-oxo-5-phenylpentanamide. 



30 According to the procedure of Thaisrivongs et. at. (J. Med, Chem.. 1986. 29. 2080). the resultant 
compound of Example 46 was treated with dimethylsuifoxide and oxalyi chloride to give the desired 
compound. 



35 



Example 48 



Dibenzyl 5.9-Oiaza*6.8-diben2;S' lQ«dioxo-7-hydroxy 3,3.1 1 ,t Hetramethyitndecanedicarboxylate. 



40 



The resultant compound of Example 12 (0.1 mmol) was dissolved in i ml of dichloromethane and 
treated sequentially with 0 5 mmol of triethyiamme and 0.2 mmol of 3*ben*yioxycarbonyl*2.2*dimethyl* 
propanoyl chloride (Matsushita, et. al., Heterocycies, 22. 1403 (1984). After being stirred for 3 h. extractive 
*$ workup gave the desired compound. 



Examole 49 



so 



5,9-Oiaza-6.8-dibenzyi-4,iQ^ioxo-7-hydroxy-3.3.i i.i Hetramethyitridecanedicarboxylic Acid. 



55 Using the procedure of Example n with the resultant compound of Example 48 gave the desired 
compound. 
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Example 50 



1,3-OH4-nitrophenoxy)-2«propanol. 



to 



A solution of 1 g (7 2 mmol) of 4-nitrophenol. 0 28 ml (3 6 mmol) of epichlorohydrin, and 0.16 g (3 96 
mmol) of sodium hydroxide in 2 ml of dimethylform amide was heated at 110* C for 1 h. The solvent was 
removed in vacuo, and the residue was purified by flash chromatography using chloroform to give 0 97 g 
(81%) of the desired compound (Ri 0.42, 40% ethyl acetate in chloroform). *H NMR (CDClj) « 2.54 <d. 5 Hz. 
1 H). 4.28 (dd. J » 10. 6 Hz. 2 H>. 4.29 (dd. J « 10. 5 Hz. 2 H). 4.50 (br sextet. J » 6 Hz. 1 H), 7.0-7 05 
<m. 4 H), 8.2-8.3 (m. 4 H>. Mass spectrum (M + NH*)* = 352. 



Example 51 



20 



1 .5*Diphenyl-3*f(methoxy imetho* y )pentane. 



30 



A solution of 101 mg (0.42 mmol) of 1 ,5*diphenyl-3-pentanol. 018 ml (1.0 mmol) of ethyl- 
diisopropylamine, and 0.063 mi (0 84 mmol) of chiorometnyi methyl ether m 1 ml of dichloromethane was 
allowed to stand for 16 h. The resulting solution was taken up m ethyl acetate, washed sequentially with 
10% aqueous citric acid, water, and saturated sodium bicarbonate, dried over Na2SO«. and concentrated in 
vacuo. Flash chromatography using 10% ethyl acetate in hexane gave 109 mg (92%) of the desired 
compound (R ( 0.51. 25% ethyl acetate in hexane) as an oil. "H NMR (CDCij) t 1.88 (m, 4 H) t 2.70 (m, 4 H). 
144 (s. 3 H). 3.64 (pentet. J 3 6 Hz. 1 H). 4.70 (s. 2 Hi, 7.15-7 3 <m. 10 H). Mass spectrum (M + NH 4 f » 
302. 



Example 52 



A 2.2-Oi-(3-phenylprooy0-1.3-*3tthiane. 



40 A solution of 1.0 g (4.2 mmol) of 2-(3-oheny!oropylH.3-dithiane m 25 ml of dry tetrahydrofuran was 

cooled to -78* C and treated with 3.23 ml (4.2 mmol) of sec-butyllithium. The resulting solution was stirred 

at -25* C for 20 min. recooied to -78* C. and treated with 0.64 ml (4.2 mmol) of l-bromo-3-phenylpropane. 

After being stirred at -78* C for 15 mm. the solution was allowed to stir overnight at ambient temperature. 

The solution was partitioned between ether and aqueous ammonium chloride, and the organic layer was 
48 washed sequentially with water, 1 M sodium bisulfite, and saturated brine, dried over MgSOt. and 

concentrated in vacuo to give the desired compound. H NMR <CDCli> h 1.65-1.9 <m. 9 H). 2.18 (m. i H). 

2.55-2.75 (m. 8 H). 2.78 <t. J » 8 Hz. i H). 3.40 (t. J » 6 Hz. i H>. 7 t-7.35 (m, 10 H). Mass spectrum 

(M*H)* * 357. 

50 

B. 1 .7-Diphenyiheotan-4-one. 



A solution of the resultant compound of Example 52A (1.6 g (4.5 mmol) in 20 ml of acetonitnle was 
55 cooled to 0'C and treated dropwise with a solution of 4.8 g (27 mmol) of N-bromosuccmimide in 15 ml of 
acetonitrile and 15 ml of water. The resulting solution was stirred for 1.5 h. extracted with dichloromethane. 
washed sequential^ with 1 M sodium bisulfite, aqueous sodium bicarbonate, and saturated brine; dried over 
MgSOi. and concentrated <n vacuo. Flash chromatography using 7% ethyl acetate m hexane gave 0.56 g 
4 5 6 

82 

90377452 



EP 0 402 646 A1 



(93%) of the desired compound (R, 0.33. 10% ethyl acetate in hexane) as an oil. NMR (COCh, * 1 90 
<pentet, # J » 7 Hz, 4 H), 2.39 <t. J • 7 Hz, 4 H>. 2 61 <t, J » 7 Hz. 4 H), 7.15-7 3 (m, 10 H). Mass spectrum 
<M*H) ■ 267. 



Example 53 



10 



1 .7»0iphenyiheptan-4-oi . 



rs 



Using the procedure of Example 42 with the resultant compound of Example 52 gave, after silica gel 
chromatography using 15% ethyl acetate in hexane. the desired compound (Ri 0.23. 30% ethyl acetate m 
hexane) as an oil. "H NMR (CDCIj) a 1.4-1 8 (m. 8 H). 2 62 <br t. 4 H), 3 63 <m. 1 H>, 7.15-7,3 <m, 10 H). 
Mass spectrum <M ♦ NH*)* • 286. 



Example 54 



20 



25 



30 



75 



45 



SO 



55 



(2)«(4-(t-Butyldimethylsilyloxy)-6-phenyi-2-hexenoyl)-Val«Val Amide. 



A solution of the resultant compound of Example 6E (57 mq. 0.18 mmol) and 0.022 ml of 4- 
methylmorpholine in 3 ml of dichloromethane was cooled to 0* C a-.d treated with 0.026 ml (0.19 mmol) of 
isobutyl chloroformate. The resulting solution was stirred for 10 min. treated with a solution of 41 mg (0.19 
mmol) of H-Val-Val*NH 2 in 1.5 ml of dimethylformamide. and stirred at ambient temperature for 2 h. The 
solution was subsequently diluted with ethyl acetate, washed sequentially with 10 % aqueous citric acid and 
aqueous NaHCOi. dned over MgSO*. and concentrated. Flash chromatography using 60% ethyl acetate m 
chloroform gave 53 mg (57%) of the desired compound as a 11 mixture of diastereomers. 



B. (ZH4-Hydroxy-6-phenyl-2-hexenoyl)-Val-Vaf Amide. 



A solution of 13 mg (0 025 mmol) of the resultant compound of Example 54A in 0.5 mt of 
tetrahydrofuran was treated with 0065 ml (0 065 mmoD of tetra-n-butylammonium fluoride <i M in 
tetrahydrofuran). After being stirred for 16 h, the solution was concentrated in vacuo. Flash chromatography 
using 7.5% methanol in chloroform gave the desired comoound. m.p. 147-149* C. as a 1:1 mixture of 
diastereomers (R ( 0. 15. 7 5%. methanol in chloroform). Mass soectrum: (M ♦ H)* ■ 403. 
Anal. Calcd. for C;;H n N)04 *0 5H 2 0: C. 64 05. H. 8.31; N. 10 19. Found C. 63 84. H. 765. N. 10 06 



Example 55 



2-(t-ButylorycarbonylaminoMHCbz-valtnyl-amino »- 1 5-diphenyl-3-hydrox /pentane. 



A solution of 39 mg {0.16 mmol) of Cbz-Val-OH. 52 mg (0.14 mmol) of the resultant compound of 
Example 11. and 23 mg (0.17 mmol) of l*hydroxybenzotria20le in 2 ml of dimethylformamide was treated 
with 0.019 ml (0 17 mmol) of 4-methyimorphoiine. cooled to 0* C. and treated with 33 mg (0.17 mmol) of N- 
ethyl-N -(dimethyiammopropyi)carbodiimide Hydrochloride. After being stirred at ambient temperature over- 
night, the solution was diluted with ethyl acetate, warned sequentially with 10% cttnc acid, water and 
aaueous NaHCOi -dried over NarSO*. and concentrated m vacuo. Separation of the desired compounds by 
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flash chromatography using methanol in chloroform gave 80 mg (95%) of the desired compound (° » 0 40. 
10% methanol m chloroform) as a white solid, m.p. 187-187 5* C. Mass spectrum (M ♦ H)* • 604. 



Example 56 



to 



t5 



A. 2-Amino-4-azldo-1,5-diphenyi-3-hydroxypentane Hydrochloride. 

The resultant compound of Example IOC (25 mg, 0.063 mmol) was treated with 1 ml of 4 M HCl in 
dioxane, stirred for 0.5 h at ambient temperature, and concentrated in vacuo to give the desired compound. 

Example 57 



20 



Acetyl-Val-Val Amide of 2-Amino-4-azide-l,5-diphenyl-3-hydroxypentane. 



A solution of 18 mg (0.069 mmol) of Ac-Val-Val-OH. 0.063 mmol of the resultant compound of Example 
56 f and 10 mg (0.076 mmol) of 1 -hydroxy benzotnazoie in 0.5 ml of dimethyiformamide was treated 
sequentially with 0.015 ml (0.14 mmol) of 4-methyimorphoiine and 15 mg (0.078 mmol) of N-ethyl-N* 
(dimethylaminoethyl)carbodiimide. After being stirred at ambient temperature overnight, the solution was 
diluted with ethyl acetate, washed sequentially with aqueous NaHCOj and water, dried over MgSO*. and 
concentrated in vacuo to give the desired compound. 



Example 58 



OS (2N)-Acetyl-Val-Val Amide of 2,4-OiamiPo- 1 5-dtphenyl-3-hydroxypentane: 

Using the procedure of Example 11 with 0.063 mmol of the resultant compound of Example 57 gave, 
after silica gel chromatography using 7 5% methanol in chloroform. 15.3 mg (48%) of the desired 
jo compound. 

Example 59 



2.4^Bis-(N-(acetyl-valinyl*valinyl)aminot'l,5"diphenyl-3-hydroxypentane. 



3k 



mm 



i 



50 



55 



A solution of 8.5 mg (0.033 mmol) of Ac-Val-Val-OH, 15.3 mg (0.030 mmol) of the resultant compound 
of Example 58. and 8 mg (0.059 mmol) of 1-hydroxybenzotnazofe in 1 ml of dimethyiformamide was treated 
sequentially with 0.0045 ml (0.04 mmol) of 4-methylmorpholine and 6.5 mg (0.034 mmol) Of N-ethyl-N - 
(dimethylaminoethyl) carbodiimide. After being stirred at ambient temperature overnight, the solution was 
diluted with ethyl acetate, washed sequentially with 10% aqjeous citric acid, aqueous NaHCOi and water, 
and concentrated in vacuo to a solid which was triturated with 1:1 chloroform:methanol, filtered, washed with 
1:1 chloroform;methanol. and air-dried to give the desired compound as a whito solid, m.p. 271-272.5 ' C. 
Mass spectrum (M * H>* = 751 . 

Anal. Calcd. for C» ■ H^N^O? '^0: C. 64,04: H. 8.39: N. 10.93. Found: C. 63.69: H. 8.02; N. 10.82 

4 58 

84 



90377452 



EP 0 402 648 A1 



Example 60 



5 2,4>Bls-(N>(acetyl>vallnyl*vaHnyl)amino)«l,S*diphenyl-3.pentanone. 

# A solution of the resultant compound of Example 59 (0.056 mmol) in 10 ml of acetone was cooled to 
0 C and treated with 5 drops of aqueous chromic acid. After 1.25 h. the solution was quenched with 2- 
to propanol and aqueous NaHCOi. filtered through Celite, extracted with 10% methanol in chloroform, and 
concentrated in vacuo. Flash chromatography using 7.5% methanol in chloroform gave 3.7 mg (9%) of the 
desired compound (R, 0.39, 10% methanol in chloroform). Mass spectrum <M*H) # « 749. 



15 



Example 61 



20 



A 4-A2ido-2-(t-butyloxycarbonylamino)-l,5»diphenyl-3'pentanone. 



2$ 



Using the procedure of Example 60 with the resultant compound of Example 5C gave the desired 
compound. 



4-Azido-2«(t«butyloxycarbonylamino)-1.5-diphenyl«3«methylenepentane. 



Using the procedure of Example 16A with the resultant compound of Example 61 A gave the desired 
30 compound. 



2'Amlno«4-azido-l.5-diphenyl*3*methylenepentane Hydrochloride. 



35 



Using the procedure of Example 56 with the resultant compound of Example 61 B gave the desired 
compound. 



2. Cb2 ' Val Amide of 2-Amino-4-azido- 1 .5-diphenyi-3-methylenepentane. 



Using the procedure of Example 55 with the resultant compound of Example 61 C gave the desired 
compound. 

4$ 

ct)z " Val Am 'de of 3*Ammo*2*( 1 -azido-2-phenyiethytM-ohenyH -butene* 1 .2-epo xide. 

50 Using the procedure of Example 16B with the resultant compound of Example 610 gave the desired 
compound. 



Example 62 



55 



S-ftN-Acetyi-vaiinyl-valinyDaminoi-Z-fN-benzyiaminotO.i-dihyclroxy-l.e-dio^enyl-a-hexane. 
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A solution of 10 mg (0 04 mmol) of Ac-Val-Val*OH. 0.039 mmol.of the resultant compound of Example 
19, and 6 mg (0 044 mmol) of i-hydroxybenzotriazole in 1 ml of dichlcromethane and 0.4 ml of 
dlmethylformamide was treated with 0.009 ml (0.08 mmol) of 4-methytmorpholine. cooled to O'C. and 
treated with 9 mg (0047 mmol) of N-ethyl-N -(dimethyiaminoethyl)carbodiimide. After being stirred at 
ambient temperature overnight, the solution was diluted with ethyl acetate, washed sequentially with 
aqueous NaHCOj and water, dried over NajSOi, and concentrated in vacuo. Separation of the desired 
compounds by flash chromatography using 6% methanol in chloroform gave 3 0 mg (13%) of the less polar 
diastereomer (fl t 0.33. 10% methanol in chloroform), m.p. 154-156* C. and 4.1 mg (17%) of the more polar 
diastereomer (Ri 0.28). m.p. 121-124* C. Mass spectrum (for each diastereomer): (M + H)* * 631. 



20 



Example 63 



Cbz-val Amide of 2-Amino-4-a2ido- 1 ,5-diphenyl-3-hydroxy-3-(hydroxymethyl)pentane. 



Using the procedure of Example 17B with the resultant compound of Example 610 gave the desired 
compound. 



25 



Example 64 



A. 2.2-DtmethyM.5-dH1«hydroxy-2-phenylethylM .3*dioxolane. 



JO 



According to the procedure of Achmatowtcz and Wicha {Tetrahedron Lett, 1987, 28. 2999) the 
resultant compound of Example 23 was treated with sodium borohydnde in ethanoi to give the desired 
compound as a mixture of stereoisomers. 



B. 2.2-Oimethyl-4.5-di*( 1 -(Cbz-valinyl)oxy-2-pheny lethyl)- 1 3-dioxolane. 



40 Using the procedure of Example 55 with the resultant compound of Example 64B and replacing 1- 
hydroxybenzotriazole with 4-dimethylaminopyridine gave the desired compound. 



C 2.5-Di-(Cbz-valinyl)oxy-3.4-dihydroxy'1.6*diphenylhexan9. 



The resultant compound of Example 64C was treated with 1 ml of 80% aqueous acetic acid, heated at 
reflux lor 5 min, allowed to cool, and concentrated in vacuo to give the desired compound 



so 



Example 65 



mm 



55 2^t-Butyloxycarbonytam»Po^(Cb2-ieucinyl-aspara9inyiamino)-1.5"diphenyi-3-hydrO)fypentane. 



Using the procedure of Example 55 but replacing Cbz-Val-OH with Cbz-Leu-Asn-OH gave, after silica 
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gel chromatography using methanol/ chloroform, the desired compound <R P 0.4; 2.5% methu.iol/ 2% 
isopropylamine/chloroform) in 98% yield, m.p. 192-193.5' C. Mass spectrum (M + H)* ■ 732. 
Anal. Calcd for CoH^NsOj: C, 65.64; H. 7.30; N. 9.57. Found: C, 65.31; H, 7.43; N, 9.52. 

Example 66 



f o 2*(t-Butyloxycartx)nylaminoh4»<Cjz«asparaginyl-amino)«i,5-diphenyl»3*hydroxypentane. 

Using the procedure of Example 55 but replacing Cbz-Val-OH with Cbz-Asn-OH gave, after silica gel 
chromatography using methanol/ chloroform, the desired compound (Rr 0.4: j*.5% methanol/ 2% 
rs isopropylamine/chloroform) in 7-4% yield, m.p. 216-217' C. Mass spectrum (M ♦ H)* » 619. 

Example 67 

20 

2- Amino-4-(Cbz«asparaginyl-amino)- 1 .5-diphenyi-3-hydroxypentane. 

25 Using the procedure of Example 1 1 with the resultant compound of Example 66 gave, after silica gel 
chromatography using methanol/ isopropylamine.' chloroform, the desired compound (R r 0.3; 2.5% 
methanol/ 2% isopropylamine/ chloroform) in 95% yield. Mass spectrum (M + H)* » 519. 

30 Example 68 



JS 



2.4-8is-(Cbz*asparaginyl-arrMnot- 1 ,5-diphenyi-3-hydro*ypentane . 



Using the procedure of Example 55 but replacing Cbz-Val-OH wtth Cbz-Asn-OH and replacing the 
resultant compound of Example 11 with the resultant compound of Example 67 gave, after silica gel 
chromatography using methanol/ chloroform, the desired compound (Rr 0.4; 2.5% methanol 2% 
40 isopropylamine/ chloroform) in 75% yield, m.p. 234-236 ' C (dec) Mass spectrum (M ♦ H) # ■ 767 
Anal. Calcd for C4H4»Ns<V0.75H 3 O: 63.10; H. 6.14; N, 1077 Found: C. 63.03; H. 6.03; N. 10 50 



Example 69 

4$ ~~ 



2-Amino-4-(CbZ'valinyl-amino)- 1 5-diphenyl-3 -hydroxypentane. 

50 

Using the procedure of Example 56 with the resultant compound of Example 55 gave, after silica gel 
chromatography using methanol/ isopropylamine chloroform, the desired compound (Rr 0.3; 2.5% 
methanol/ 2% isopropylamine' chloroform) m 100% yield, m.p. 158-160* C. Mass spectrum (M*H)" » 504. 

55 

Example 70 
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2.4-Bis*(Cbz-valinyl-aminoH.S*diphenyl-3-hydroxypentane. 



Using the procedure of Example 55 but replacing the resultant compound of Example 11 with the 
resultant compound of Example 69 gave, after silica gel chromatography using methanol/ chloroform, the 
desired compound (FW 0.4; 2.5% methanol/ 2% isopropylamine/ chloroform) in 98% yield, m.p. 198*200* C. 
Mass spectrum (M + H)* » 737. 

Anal. Calcd. for CijH^NiO^O.Sr^O: C. 69.24; H. 7.16; N. 7.51. Found: C. 69.40; H, 7 29; N. 7.47. 



Example 71 



A N-Boc-valinyl-valine benzyl ester. 



JO 



Boc-Val-OH (2.86 g. 13 2 mmol) was coupled to valine benzyl ester p-toluenesuifonate (5.0 g, 13.2 
mmol) using the procedure of Example 55 to give 5.41 g. (100%) of the desired product (R* 0.15; 20% ethyl 
acetate m hexanet as a colorless gum. Mass spectrum (M ♦ H)* ■ 407. 



8^ NM5-Carbomethoxypentanoyl)*valinyl*valine benzyl ester, 



The resultant compound of Example 71 A (0.50 g, i 23 mmol) was deprotected according to the 
procedure of Example 56 anC coupled to adipic acid monomethyl ester (0.21 g, 1 .28 mmol) using the mixed 
anhydride procedure of Example 54A give, after flash chromatography using 40% ethyl acetate in 
chkxoform. 0.53 g (96%) of the desired compound. 



C. N-(5-CarbomethoxypentanoyH-vaimyi-vatine. 



A mixture of the resultant compound of Example 7iB (0 53 g. i 18 mmol) and 100 mg of 10% 
palladium on carbon m 30 mi of methanol was stirred under one atmosphere of hydrogen After 5 h. the 
mixture was filtered ttvougn Cehte and concentrated to g»ve 0 40 g (93%) of the desired compound as a 
solid. 



0 2*Azido*4^(5<artxmethoxypentanoyl)-valinyl*vatinyiiamino-i.5*diphen yi«3*hydroyypentane. 

The resultant compound of Example 71 C (91 mg. 0 25 mmol) was couoied to the resultant compound of 
46 Example 56 (0.25 mmol) using the carbodiimide coupling procedure of Example 55 to give, after flash 
chromatography using 60% ethyl acetate in chloroform. 104 mg (64%) of the desired compound (R t 0.32. 
75% ethyl acetate m chloroform). Mass spectrum (M ♦ H>* = 637. 



5C 



Example 72 



55 



2-Amino-4-((5-carbornethoxypentanoyl)-valinyl'valinyhamino-1 5-diphenyl-3-hydroxypentane. 



Using the procedure of Example 11 with the resultant compound of Example 7iD gave, after flash 
chromatography using 5% methanol m chloroform, the oesired compound (Ri 0.28. 10% methanol m 
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chloroform) in 63% yield. Mass spectrum (M ♦ H)* ■ 611. 

Anal. CalCd. for CjiH, 0 N 4 O* # 4H 2 0: C. 59.80; H, 8.56; N, 8 20. Found: C. 60.08; H. 7.38; N, 8.21. 



Example 73 



10 



A N*(6«(Benzyloyycarbonylamino)he)(anoyi)«valinyl-valine methyl ester. 



f5 



N-(6-<Benzyioxycarbonyiamino>hexanoic acid was coupled to Val-Val methyl ester using the mixed 
anhydride procedure of Example 54A to give the desired compound. 



B. N*(6*(Ben2yloxycartx)nylamino)hexanoylhvalinyl«valine. 



8 
11 



The resultant compound of Example 73A was hydrolyzed according to the procedure of Example 6E to 
20 give the desired compound. Mass spectrum (M ♦ H)* * 464. 

C. 2*(N»(6"Benzyioxycarbonylamino>hexanoylHalin^ 

valinyl-aminoH ,5-diphenyi 3-hydroxypertane. 

The resultant compound of Example 73B (37 mg, 0.079 mmol) was coupled to the resultant compound 
of Example 72 (48 mg, 0.079 mmol) using the carbodiimide coupling procedure of Example 55 to give, after 
flash chromatography using 4% methanol in chloroform, 31 mg (37%) of the desired compound (R ( 0.19. 
30 5% methanol in chloroform). Mass spectrum (M ♦H)* « 1056. 

Anal. Calcd. for CssH^NrO. * m Z.SH 2 0: C. 62.23; M. 8.28; N, 8.76. Found: 62.12; H. 7.33; N, 8.75. 



mm 



E*amoie 74 



ill 



2*(N»(6-(Ben2yloyycafbonylamtnothexanoyl)*valinyl-valtnyl-am)noM-(N-(5*carbOxypentanoyl)«va linyUvalinyl« 

amtnoH 5*diprienyt-3-hydfQxypentane. 



A solution of 31 mg (0.029 mmol) of the resultant comoound of Examole 73C in 5 ml of dioxane was 
treated with 1 ml of 0.5 M aqueous lithium hydroxide. After oemg stirred for 24 h at ambient temperature, 
the solution was concentrated m vacuo, diluted with ethyl acetate a^d i M hydrochloric acid, stirred for 2 h, 
45 and separated. The organic phase was washed with water, aiio*-i to evaoorate siowiy to a small volume. 
The mixture was then filtered to give the desired compound as a solid. 



i 



50 



Examc*e 75 



Cbz-Val Amide cf 3-Amino-2- h ydrcxy-5-methyl-i-ohenoxyhexane. 



m 



$8B 



55 



Cbz-valine was coupled to 3-amino-2-hydroxy'5-methyi-i'pheno*yhexane (J Med. Chem. 1987. 30, 
1809) usmg the carbodiimide ccupimg procedure of Example 55 to give the desired compound. 
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Example 76 



5 Cbz-Val Amide of 3*Amino-2'hydroxy'S-methyl-i»(phenytm(o)hexane. 

Cb^valine was coupled to 3-amino*2-hydroxv5-methy|.l-(phenylthio)hexane (J Med. Chem. 1987. 30, 
1609) using the carbodiimide coupling procedure of Example 55 to give the desired compound. 

to 

Example 77 



Cbz-Val Amide of 3'Amino«2-hydroxy-5*methyl«i*fphenylsulfonyl)hexar>8 



Cbz-vaiine was couoied to 3-amino-2-hydroxy*5-methyl-l-(phenylsulfonyi)hexane (J. Med. Chem 1987. 
20 30, '609) using the carbodiimide coupling procedure of Example 55 to give the desired compound, 



Example 78 



A. 3-fBenzyioxycarbonylamino)-3-methylbutanoic Acid. 



50 



55 



A solution of 2.2-dimethyi-3-carbomethox>propionic acid (LeMaul. Bull. Soc. Chim. Fr., 828 (1965). 20 
g. 0.125 mol). diphenyiphospholrylazide (34.3 g. 0.125 mol) and tnethylamine was heated in toluene (150 
ml) at 100 C for 2 h. After cooling to 5 # C. the toluene solution was washed successively with 0 5 M HO. 
aqueous NaHCOs and brine. Evaporation of the dried solution gave a residue which was chromatographed 
on silica gel eluting with 60 40 hexaneether. There was obtained 13 g of methyl 3-isocyanato-3-methyl- 
butanoate as a mobile Hauid. A solution of this material m toluene (20 ml) was treated with benzyl alcohol 
(13 ml) and the resulting mixture heated at reflux for 40 h. Evaporation of the toluene left a residue which 
was dissolved in methanol 025 mi) and then treated with a solution of NaOH (8.8 g. 0 165 mol) m 22 mi of 
water. After 5 h, the reaction mixture was partially evaporated, washed with ether and acidified with 6N HO. 
Extraction with methylene chloride and evaporation gave 21 g of the desired product. NMR (300 MHz, 
CDCb): 1.42 (S.6H). 2.78 (S.2H). 5.08 (S.2H). 



B. Cbz-((5 i-di-MeM-Aia>-Leu-OCH, 



A 4.0 g sample of 3-benzyioxycarbonylamino-3-methytbutanoic acid was couo'ed to leucine methyl 
ester hydrochloride tsmg the mixed anhydride orocedure described in Example 6F Purification of the 
crude product by silica gel chromatography gave the desired compound. 



C. Cb**((0.J-di-Me)-r?-AlaKeu-OH 



To a 0 C solution of Cbz-((3*3-di*Me)-tf-Ala)-Leu-OMe (3.63 mmol) m dioxane M5 ml) was added a 
solution of lithium hydroxide (0.174 g. 4.15 mmol) m water (7 5 ml). After stirring for t h at 0-5* C. the 
reaction mixture was diluted with coid water and extracted 2X with ether. The aqueous oortion was acidised 
with 6N HCl and extracted *tth ether The organic extract *as washed with bnne and evaocrated to g<ve the 
desired compound. 
464 
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0. 2-(t-Butyloxycarbonylamino)-4.(CbH(g.fl^^ 



to 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
78C was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 



A. (3 4-cis-0'hydro«ypyrrolidinyicarbonyO-leucine Methyl Ester. 



T 5 A suspension of L-ieucine methyl ester hydrochloride (10 g» m toluene (f200 ml) was heated to 100 C 
while phosgene gas was bubbled -nto the reaction mixture. After approximately 2 h the mixture became 
homogeneous The bubbling of phosgene was continued for 15 more minutes keeping the temperature at 
100* C The toluene was then evaporated and the residue chased with benzene several times. The 
.socyanate from L-leu-OCH, was then dissolved m 100 ml of methylene chlor.de and 1.1 equivalent of 3- 

» pyrroiine (75". pure) was added dropw.se at 0* C After 15 min. the reaction mixture was washed with 0.5 N 
HCI and methylene chior.de. The organic layer was washed with aqueous NaHCOi and dried over MgSO*. 
Evaporation of the solvent gave 3-pyrrolinylcarbonyl-leu-methyi ester which was cis-hydroxylated 1 under the 
following conditions: 2.5 g of the 3-pyrroiinylcarbonyi.Leu-methyl ester was dissolved in 50 ml of THF and 1 
ml of a 25% solution of OsO. m t-butanol was added, followed by 1.15 g of N-methylmorphollne-N-oxide. 

K After 1 h the solvent was evaporated and the residue dissolved in 150 ml of ethyl acetate, washed with 
' dilute Na*SOi solution and satd. NaHCOj solution, and then dried over MgSO«. Evaporation of the solvent 
gave a crude compound which was purified by Si0 2 column chromatography to give the desired 
compound. 

30 

B ( 3.4-cis-0'hydroxypyrrolidinylcarbonylH8-Cine. 

The resultant compound of Example 79A was hydrolyzed according to the procedure of Example 78C 
as to provide the desired compound. 

C. 2-(t-Butyloxycarbon Y iam.no)-4.((3.4< l s-dihydroxypyrfoiidinylcarbonyiMeuc.nyl-a m.no)-l.5-dipheny|.3-hydr 0 x. 
~ ypentane. 

40 

According to the carbod.imide coupling procedure of Example 55. the resultant compound of Example 
79B was coupled to the resultant compound of Example n to give the desired compound. 



45 



Example 80 



5a g . (N .( fl .Aminoh e x a nov^v a i.n y |.v a i.nyl-amino)-4.(N-(5.cafboxypentanoy l)-val.nyl.val l nyt-amino)-l.5-d.phenyl-3- 

h ydfpxypentane. 

Using the procedure of Example 71 C with the resultant compound of Example 74 gave the des.red 

55 compound. 



4G5 



Example 81 
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1.3-OHS-phenylthiol«2-((methoxy)methoxy)propane. 

3 

Using the procedure of Example 51 but replacing 1 ,5-diphenyl-3-pentanol with the resultant compound 
of Example 15 gave, after silica gel chromatography using 15% ethyl acetate in hexane. 44 mg (31%) of 
the desired compound <R f 0 27, 20% ethyl acetate m hexane) 'H NMR (CDCI5) * 3 21 (dd. J • 15. 8 Hz, 2 
to H). 3.28 (dd, J * 15. 6 Hz, 2 H), 3,40 (S, 3 H). 3.91 (pentet. J * 6 Hz, 1 H), 488 (s, 2 H), 7.15*7.35 (m. 10 
H). Mass spectrum (M ♦ NH 4 f * 338. 



Example 82 

15 



1 ,3-Diphenoxy-2-((methoxy )methoxy )propane 



Using the procedure of Example 51 but replacing i,5-dtphenyi-3-pemanol with the resultant compound 
of Example 4 gave, after silica gel chromatography using 10% ethyl acetate m hexane. 80 mg (49%) of the 
desired compound (R, 0 42. 20% ethyl acetate in hexane). "H NMR (CDCij) * 3 44 (s. 3 H), 4 18 (dd. J * 
10. 8 Hz, 2 H). 4.22 (dd. J « 15, 8 Hz. 2 H), 4.33 (pentet. J * 8 Hz. 1 H). 4 85 (s. 2 H). 6.9-7.0 (m. 6 H>, 
25 7.25-7.35 (m. 4 H). Mass spectrum (M ♦ NH*)* » 306. 



Example 83 



A. (( 4-Th tomprpholiny I )carbony 1 leucine Methyl Ester. 

35 A suspension of L-ieucme methyl ester hydrochloride (6 g) m toluene (125 ml) was heated to 100* C 
and phosgene gas was bubbled into the reaction mixture. After approximately 1.5 h, the mixture became 
homogeneous. The bubbling of phosgene was continued lor 10 more min. The solvent was then evaporated 
and the residue chased with benzene several times. The residue was then dissolved in 100 ml of methylene 
chloride, cooled to 0*C. and treated dropwise with 11 equivalent of thiomorpholine. After 10 min the 

40 solution was washed with IN HCl and the organic layer was dried with MgSO*. Evaporation of solvent gave 
the desired compound. 



B (4-Thiomorpholinyicarbonyi)-ieucine. 

The resultant compound of Example 83 A ws hydro) y zed according to the procedure of Example 6E to 
provide the desired compound. 



C. 2-(t-8utytoxycarbonyiam(noH-((4-th^ 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
55 83B was coupled to the resultant compound of Example 1 1 to give the desired compound. 
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A. ((4-Sulphonylmorpholinyl)carbonylHeucine Methyl Ester 



To 2 g of the resultant compound of Example 83A in 100 ml of methylene chloride was added 2.94 g of 
a meta-chloroperbenzoic acid at 0 * C. After 30 min the solvent was evaporated and the ether solution was 
washed with 10% sodium sulfite solution ano then with satd.sodium bicarbonate several times. The organic 
layer was dried with MgSOt and evaporation of the solvent gave the crude product which was purified by 
silica gel column chromatography to give the desired compound. 



is 



B. (4-SulphonylmorpholinylcarbonylHeucine. 



The resultant compound of Example 84A was hydrolyzed according to the procedure of Example 6E to 
provide the desired compound. 



20 



C. 2-(t-Butyloxycarbonylam«no)-4-((4-sulph^ 

tane. 



25 



According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example 
84B was coupled to the resultant compound of Example i 1 to give the desired compound. 



Example 85 



oo 



A. N«Methyl-N»(2'(N,N-dimethyfaminoyethyi)carbamoyl«ieucine Methyl Ester. 



35 



A solution of 2.1 mmol of a-isocyanoto- leucine methyl ester (prepared according to the procedure of 
Example 79A) m 50 ml of dichloromethane was cooled to 0 # C and treated with 0.3 ml (2.3 mmoo of 
N.N.N •trimethyiethyienediamme. After being allowed to stir for 16 h. the solution was concentrated and the 
desired compound was isolated by flash column chromatography. 



B. N-Methyl*N*(2-(N.N«dimethyl3mtno»ethyl)carbamoyl*ieucine Lithium Salt. 



45 A solution of the resultant compound of Example 85A m dioxane was cooled to 0* C. treated with 105 
equiv. of aqueous lithium hydroxide (0.5 M) and stirred for 1.5 h. The resulting solution was concentrated m 
vacuo to give the desired compound as a white solid. ~ 



so C. 2-(t-ButyloxycarbonyiaminoM-((N-met^ 

diphenyl*3-hydroxypentane. 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
55 85B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



467 
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A. 1-Benzyloxycarbonytamino-2,3-propanediol. 

5 

1 -Aminos-propanediol (15.2 g, t67 mmol) and NaOH (8 1 g, 204 mmol) in water (70 ml) at -10'C 
was treated dropwise with benzyl chloroformate (28,5 ml. 200 mmol) in ether (30 ml) over 20 min The 
reaction was stirred at 0* C for 30 min then at room temperature for 2 h. The mixture was acidified with 2 M 
to HCI and extracted with ethyl acetate which was washed with 05 M H 5 POi and brine, then dried over 
Na 2 S04 and evaporated. Recrystallization of the residue from benTene afforded 16.59 g (44% i of the 
desired product as a white powder. NMR (300 MHz. CD 3 OD. ppm): 3.12 (dd.lH). 3.28 (dd.lH), 3 50 (m 2H) 
3.68 (m,1H), 5.08 (S.2H), 7,35 (m.SH). 

B. 1 -Methy lamino-2.3*propanediol 



Lithium aluminum hydride (7.20 g. 189 mmol) in tetrahydrofuran (THF. 300 ml) was heated to reflux and 
20 the resultant compound from Example 86A (17.0 g. 75.5 mmol) m THF (150 ml) was added dropwise over 
10 min. The mixture was refluxed for 2 h. cooled, quenched sequentially with water (10 ml), 3 M NaOH (40 
ml) and water (20 ml), then filtered and concentrated. The residue was dissolved in waterwhich was 
washed with ether and evaporated. Bulb to bulb distillation of the residue afforded 2.0 g (25%) of the 
desired compound as an oi*. NMR (300 MHz, CDCI 3 . ppm): 2.45 (s.3H), 268 (dd.lH). 2.77 (dd.lH) 3 61 
n (dd.lH), 3.72 (dd.lH). 3.78 <m.lH). 



£, (N»Methyl-2.3-dihydroxypropylamind)carbonyMeucine Methyl Ester 

30 

Using the procedure of Example 83A but replacing thiomorphoiine with the resultant compound of 
Example 86B gave the desired compound. 



35 DL (N-Me^yl-2.3-dihydroxypropyiamtno)carbonyl-leucine. 



The resultant compound of Example 86C was hydroiyzed according to the procedure of Example 6E to 
give the desired comoound. 

40 

E. 2-(t-Butytoxycarbonytam>no)-4-<((N-me^ 

hydroxypentane. 

45 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
860 was coupled to the resultant compound of Example 1 1 to give the desired compound. 



50 Example 87 



A_ (N-(0or>eytQ)(ycarbonyl)pipiridin*4-yl)carbonyl'leucine Methyl Ester 

55 

Cbz*i son ipec otic acid was coupled to leucine methyl ester using the mixed anhydride procedure of 
Example 6F to give :he desired compound. 
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8 (N»(BenzylQKycafbonyl)pipiridin»4*yl)carbonyMeucine 



The resultant compound of Example 87A was hydroiyzed according to the procedure of Example 6E to 
5 give the deseed compound. 

C. fr(t-ButyloxycarbonylaminoH^ 

hydroxypentane. 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
87B was coupieo to the resultant compound of Example 1 1 to give the desired compound. 



r5 



Example 88 



20 



A. N«(Allyioxycarbonyl)»ieucine Methyl Ester. 



A solution of leucine methyl ester {5 mmol) and triethy famine (10 mmol) in dichloromethane (50 ml) was 
cooled to O'C and treated dropwise with ailyi chioroformate. After addition, the solution was stirred at 
25 ambient temperature for 2 h. diluted with dichloromethane. washed successively with 1 N HCI and aqueous 
NaHCOj, dried over Na;SO*. and concentrated to give the desired compound. 



30 



B. N-Q-HydroxypropyloxycarbonyD-leucine Methyl Ester. 



35 



To a stirred 0' C solution of the resultant compound of Example 88A (2.13 mmol) in dry tetrahydrofuran 
(THF. 50 ml) was added 9-borabicyclo<3.3.1)nonane (9-BBN. 25.5 ml of a 0.5 M solution in THF). The 
mixture was warmed to room temperature for 12 h and then cooled to O'C. Water (15 ml) and 3 M NaOH 
(4.5 ml) were added followed 2 min later by 30°© H 2 0 2 (5 ml). The mixture was partitioned between brine 
(20 ml) and ethyl acetate MOO ml). The organic phase was washed (brine), dried (NajSO*). filtered, and 
evaporated. Silica gel chromatography provided the desired compound. 



45 



C. N-(3-HydroxypropyloxycarbOnylHeuCine. 



The resultant compound of Example 88B was hydroiyzed according to the procedure of Examoie 6E to 
give the desired compound. 



0. 2*(t-ButyloxycarbonyiamtnoH4-(N«(3»hydroxypropyloxycarbonyl)leucinyl'amino)-T 5-diphenyl-3-hydro*ypen« 

tane. 



50 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
88C was coupled to the 'esuitant compound of Example 1 1 to give the desired comocund. 



55 



Example 89 
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A. t ,5-OH4-isopropylphenyi)- 1 ,4-penten-3-one. 

A solution of 3.30 g (82 mmol) of NaOH in 33 ml of water and 165 ml cf 95% ethanol was treated with a 
s mixture of 5.0 ml (33 mmol) of 4-isopropylbenzaldehyde and 1.21 ml (16.5 mmol) of acetone. The resulting 
solution was stirred at ambient temperature for 16 h. diluted with water, and filtered The solid was taken up 
in dichloromethane. and the solution was washed with water, dried over MgSOi. and concentrated to a light 
yellow solid. Recrystallization from hexane/ethyl acetate gave 2.15 g (41%) of the desired compound H 
NMR (CDCb) * 1.27 (d. J « 7 Hz, 12 H). 2.94 (heptet. J « 7 Hz. 2 H), 7.05 <d, J » 16 Hz 2 H) 7 28 <d J 
to * 10 Hz, 4 H), 7.56 (d. J * 10 Hz, 4 H). 7.72 (d. J » 16 Hz. 2 H). 

1,5-OH4-isopropylphenyl)-3-hydroxypentane, 



Using the procedure of Example 3 with the resultant compound of Example 89A but replacing methyl 
cellusolve with methanol gave the desired compound. 



20 Example 90 



25 



A. t,5-DH4-benzyloxyphenyiH,4-penten-3-one. 



Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with 4-benzyloxybenzylal- 
dehyde gave the desired compound in 70% yield after recrystaihzation from dichioromethane/hexane H 
NMR (CDCb) S 6 95 (d. J » 16 Hz. 2 H), 7.00 (d. J = 8 Hz, 4 H), 7.3-7.5 (m. 10 H), 7.58 (d. J = 8 Hz. 4 
jo H>. 7.70 (d. J * 16 Hz. 2 H). Mass spectrum: (M + H)* = 447. 

B. 1 5-Di«(4-hydroxyphenyQ-3-hydroxypentane. 



MS 



Using the procedure of Example 89B with the resultant compound of Example 90A gave the des.red 
compound (R f 0.25. 40% ethyl acetate m chloroform) m 30% yield after silica gel chromatography using 
40% ethyl acetate in chloroform. *H NMR (COCI 3 ) 5 1.76 (m, 4 H). 2.55-2.7 <m. 4 H), 3.63 (m. 1 H). 4 59 <s 
2 H). 6.25 (d, J 3 9 Hz, 4 H), 7.05 (d, J = 9 Hz, 4 H). Mass spectrum: (M * NH*>" * 290. 



Example 91 



A. Di»( 1 -naphthyl)- 1 .4-penten-3-one. 



Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with 1-naphthaldehyde 
so gave the desired compound in 39% yield after recrystaihzation from ethyl acetate hexane. 'H NMR (CDCIj) 
h 7.24 (d. J ■ 16 Hz. 2 H), 7.5-7.7 (m. 6 H). 7.9-8 0 (m. 6 H), 8.29 fd. J ■ 8 Hz. 2 H). 8.66 <d J • 16 Hz 2 
H). 



35 EL 1 ,5-DH 1 -oaphthyH'3-hydroxype ntane. 

Using the procedure of Example 89B with the resultant compound of Example 91A but replacing 
470 
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palladium on carbon with Raney nickel gave the desired compound after silica gel chromatography 



Example 92 



A. OH4*methoxyphenylH 1 .4-penten*3-one. 




Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with p-anisaldehyde gave 
the desired compound in 61% yield after recrystaiiization from ethyl acetate hexane *H NMR (CDClj) * 3.87 
(s, 6 H), 8.92 (d. J ■ 9 Hz. 4 H), 8.96 (d, J « 16 Hz. 2 H), 7.58 <d. J ■ 9 Hz, 4 H). 7.71 (d. J ■ 16 Hz 2 
H). 



B. 1.5-0i-(4-methoxyphenyl)-3-hydroxypentane. 



Using (he procedure of Examplo 89B with the resultant compound of Example 92A gave the desired 
compound after silica gel chromatography. 



Example 93 



A. DH4«bromophenyi)« i ,4-penten*3-one. 



Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with 4-bromobenzcldehyde 
gave the desired compound in 79°'<i yield after recrystaiiization from ethyl acetate hexane. *H NMR (CDCb) 
a 7.05 (d. J * 16 Hz. 2 H). 7 48 (dt. J » 9. 2 Hz. 4 H). 7.57 <dt. J » 9. 2 Hz. 4 H), 7 68 (d, J « 16 Hz, 2 
H). 



8. l.5-Dt-(4*bromophenyt)-3-hydroxypentane, 



Using the procedure of Example 89B with the resultant compound of Example 93A but replacing 
palladium on caroon with 5°'» platinum on carbon gave the desired compound after silica gel chromatog- 
raphy. 



Example 94 



A. Cbz-aianme Ester of 3-Hydroxyi .5-diohenylpentane 



A solution of 100 mg (0.42 mmol) of 3-hydroxy-i ,5-dtphenyipentane. 94 mg (0.42 mmol) of Cbz-aianine. 
and 10 mg (0.08 mmol) of 4-dimethyiamtnopyridine m 4 ml of dichtoromethane was treated with 99 mg 
(0.51 mmol) of N-ethyi-N -(dimethyiammoethyi) carbodhmide hydrochloride. After being stirred at ambient 
temperature lor 7 h, the solution was diluted with ethyl acetate, washed sequentially with i0°o aqueous 
citric acid, water, aqueous NaHCOi and saturated brine, dried over MgSO*. and concentrated to give the 
desired compound 
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B Alanine Ester of 3-Hydroxy i ,5-diphenytpentane 



Using the procedure of Example 1 1 with the resultant compound of Example 94A gave the desired 
3 compound in 73% yield after silica gel chromatography using 5% methanol in chloroform. 1 H NMR <CDCl 3 ) 
a 1.35 <d. J « 7 Hz. 3 H), t 9-2.0 (m. 4 H). 2.6-2.7 <m. 2 H), 3 48 (q. J - 7 Hz, 1 H). 5 02 (tt, J » 7 5 Hz 1 
H), 7.1-7.3 (m, 10 H). 

Anal. Calcd. for CjoHnClNtVO.SHjO: C. 67.31; H, 7 63; N, 3 92. Found: C, 67.19; H. 7.25; N. 3.85. 



10 



Example 95 



f5 



A. Boc-glycine Ester of 3-Hydroxy-l, 5-diphenylpentane. 



20 



Using the procedure of Example 94A but replacing Cbz-alanine with Boc-glycine gave the desired 
compound. 



B. Glycine Ester of 3-Hydroxy* 1 ,5-diphenytpentane Acetate. 



30 



Using the procedure of Example 12 with the resultant compound of Example 95A gave a white solid 
which was taken up in dichloromethane, washed with aqueous NaHCOi. dried over Na 2 SO», and con- 
centrated. Silica gel chromatography using 1.5% methanol in chloroform followed by treatment with acetic 
acid in chloroform gave, after concentration, the desired comoouned m 79% yield H NMR (CDCIjI h 19- 
2.0 (m. 4 H), 2.09 (S. 3 H), 2.6-27 (m. 4 H). 3 32 <br s. 2 H). 3.6-3 8 (m, 2 H>, 5 06 (tt. J ■ 7. 5 H«. 1 H>, 
7.1-7.3 (m. 10 H). Mass spectrum: (M ♦ H)' * 298 



35 



Example 96 



A. N°,N'-Oi-Cb2-lysine Ester of 3-Hydroxy- i .5-diphenylpentane. 



*0 Using the procedure of Example 94A but replacing Cbz-alanme with r^.N'-Oi-Cbz-lysine gave the 
desired compound. 



B_ Lys«ne Ester of 3-Hydroxy- 1 , 5-diphenylpentane Oiacetate. 



50 



A mixture of 180 mg (0.28 mmol) of the resultant compound of Example 96B and 50 mg of 10% 
palladium on carbon m 5 ml of methanol and 0.3 ml of acetic acid was stirred under an H 2 atmosphere for 
16 h. The solution was filtered through Ceiite and^ concentrated to give 135 mg (98%) of the desired 
compound as a white solid Mass spectrum: (M ♦ H)* ■ 369. 

Anal. Calcd. for CjrHt -N ? 0* *H : 0 C. 64 01; H, 8.36; N. 5.53. Found: C. 63.97; H, 8 13. N. 5.36. 



55 



Example 97 



2*(t-Butyloxycarbonyiamino)-4-((6-(Cb^-amino)hexanoyl)aminoi-i,5*diphenyl-3-hydroxypentane. 




472 



98 



90377452 



EP 0 402 646 A1 



N-(6-<Ben2yloxycarc*nylamino)hexanoic acid was coupled to the resultant compound of Example 11 
using the mixed anhydride procedure of Example 54A to give the desired compound after silica gel 
5 chromatography using 75% ethyl acetate in chloroform. 



to 



Example 98 



2-((3-(Ben2yloxycarbonyl)Q-meth^ 

hydroxypentane. 



f5 



20 



The resultant compound of Example 97 (32 mg) was deprotected according to the procedure of 
Example 12 and coupled to 3-benryloxycarbonyl-2.2^imethylpropanoic acid (Matsushita, et. al.. Heterocy- 
cles. 22. 1403 0984) according to the mixed anhydride coupling procedure of Example 54A to give the 
desired compound *1n 28% yield after silica gel chromatography using 60% ethyl acetate in chloroform 
Mass spectrum: <M • PhCH 2 0)* ■ 628. 



Example 99 

2^(3-Can^xy*3*methyipropanoyl)amino)-4*(6-aminohexanoynamino*i,5^iphenyi^-hydroxypen tane^ 

oo Using the procedure of Example 7tC with the resultant compound of Example 98 gave the desired 
compound in 100% yield Mass spectrum: (M ♦ H)" « 512. 



35 



Example 100 



A. f4S»'3-f4>Methyipentanoyi)-4'f2-propyi>oxazoiidine'2-one. 



so 



To a stirred solution of # 4-<2-propyi)-oxa20lidine-2-one in anhydrous tetrahydrofuran (250 ml) under a 
nitrogen atmosphere at -78 'C was added m a dropwise fashion a solution of n-butyllithium m hexane (50 
ml. 77.4 mmol) over 5 to 10 mm. After stirring an additional 20 min at -78' CM-methytpemanoyi chloride 
(85.2 mmol) was added neat. The reaction was warmed to room temperature and stirred i to 2 h at the 
temperature. The reaction was quenched by adding 100 ml of saturated aqueous ammonium chfonde and 
the volatiles were removed by rotary evaporation. The resulting aqueous residue was extracted three times 
with ether and the combined organic phases were washed with brine, dried (Na2SO«>. filtered and 
concentrated in vacuo Recrystaiiization from hexanes ethyl acetate provided the desired compound 

8. (4RV3*<(2-R)'2-ft-8uty'oyycarbonyl)methyl-4-m9thylpentanoylM»(2-propyl)oya20<idine*2'One. 



To a stirred solution of the resultant compound of Example 100A (8.72 mmol) m anhydrous 
55 tetrahydrofuran (30 ml) under a nitrogen atmosphere at -78 'C was added a solution of sodium hexamethyi- 
disilylamtde (9 6 ml. 9 59 mmou m tetrahydrofuran. After stirring for 30 mm at -78 *C. t-butyl bromoacetate 
(2.21 g. 11,34 mmon was added m annydrous tetrahydrofuran and the resulting solution stirred i h at 
-78 C. The reaction was auenched by adding 20 ml of saturated aqueous ammonium cnlonde and 
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partitioned between water and ether. The aqueous layer was drawn off and extracted with ether, ^he 
combined organic phases were washed with 10% aqueous HCI. saturated aqueous NaHCOi, and brine, 
dried (NajSO*), filtered, and concentrated in vacuo . Recrystailization from acetone hexanes provided the 
desired compound. ~" 

5 

C. Ben2yl«(2R)-2*(t»Butyloxycarbonyi)methyt'4*methylpentanoate. 

io To a stirred solution of dry benzyl alcohc! (0.55 ml, 5.33 mmol) in anhydrous tetrahydrofuran (18 ml) 
under a nitrogen atmosphere at 0*C was added a hexane solution of n-butyllithium (2.58 ml; 4,00 mmol). 
To this solution was added the resultant compound of Example 100B in anhydrous tetrahydrofuran (10 mi). 
After stirring 1 h at 0*C the reaction was ouenched by adding excess saturated aqueous ammonium 
chloride. The voiatiles were removed by rotary evaporation and the resulting aqueous residue was extracted 

rs two times with ether. The combined organic layers were washed with brine, dried <Na;SOi). filtered, and 
concentrated in vacuo to provide an oil which was purified by chromatography on SiOj to give the desired 
compound. ~~ 

20 0. Benzyl (2Rh2*(Carboxymethyl)-4-methyipentanoate. 

The resultant compound of Example 100C (1.47 mmol) was dissolved ma 11 (v v) solution (6 ml) of 
trifluoroacetic acid and dichloromethane and stirred at room temperature for 1 h. The voiatiles were 
2$ removed in vacuo to provide the desired compound. The unpurified material was of sufficient purity to 
employ insubsequent steps. 



E. Benzyl(2Rh2-1sobut vl-3-morpholinocarbonylpropionate. 

30 

The resultant compound of Example 100D was coupled to morpholine using the mixed anhydride 
procedure as described in Example 6P to give the desired compound. 

JS 

F {2R)-2-lsobutyl»3-morphoiinocarbonyioropionic Acid 



The resultant compound of Example 100E was hydrogenolyzed according to the procedure of Example 
40 71 C to provide the desired compound. 

Q. 2«(t«Butyloxycarbonylarr!tno)»4«(N-(2-iSObutyl*3-morphotinocarbonylprQpicny:)amino>-i S-diphenyl'3-hydro*« 

ypentane. 

45 

According to the carbodiimtde coupling procedure of Example 55. the resultant compound of Example 
100F was coupled to the resultant compound of Example n to give the desired compound. 

Example 101 



55 A. (<(4McrphoiinyDcarbonyl)cxy)-4-methyioentanotc Acid Methyl Ester 



To 2-hydroxy4-memyipentanoic acid methyl ester was added 1 SO ml of 12.5% phosgene in toluene 
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and 25 drops of dimethylformamide. After stirring for 16 h at room temperature, the solvent was e jporated 
and the residue chased several times with benzene. The resulting product was dissolved in methylene 
chloride (50 ml), cooled to 0 * C and treated by dropwise addition with 3.86 g (0.044 mol) of morphoiine The 
reaction mixture was stirred for 2 h at 0-5' C and then distributed between 0.5 N HCI and methylene 
chloride. The organic phase was washed with aqueous NaHCOa and brine and evaporated to a residue 
Flash chromatography on silica gel gave the desired compound. 



ic 



8. (((4Morphoiinyl)carbonyi)oxy)«4-methylpentanoic Acid. 



'3 



The resultant compound of Example 101 A was hydrolyzed according to the procedure of Example 6E 
to provide the desired compound. 



C. 2-(t-Buty,loxycarbonyiaminoH-(NM(((4-m^ 

hydroxypentane. 



20 According to the carbodiimtde coupling procedure of Example 55, the resultant compound of Example 
101 B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 102 



25 



— Ben2vl (^R)*2-lsobutyi*3*((N*bengyi-N-methyiamino)carbonyl)propionate. 



The resultant compound of Example 1000 was coupled to benzyiamine using the mixed anhydride 
procedure as described in Example 6F to give the desired compound. 



75 



SL (2R)«2-lsobutyl»3«f(N-benzyi-N»methylamino>carbonyl)propiontc Acid. 



40 



The resultant compound of Example 102A was hydrolyzed according to the procedure of Example 6E 
to provide the desired compound. 



C. 2-(t-ButyloxycarbonylaminoM-(N-(2-isobuty^ 

dipftenyi-3-hydroxypentane. 



45 



According to the carbodiimtde coupling procedure of Example 55. the resultant compound of Example 
102B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



50 



Example 103 



2-Amino-4-(N-(2-isobufyl-3-((N-beney^ 

55 Hydr ochloride. 

Using the procedure of Example 12 with the resultant compound of Examofe 102C gave the desired 
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compound. 



Example 104 



2.4~Bi3-(N-(2-*sobutyl-3-((N-ben2yl-^ 



to 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
102B was coupled to the resultant compound of Example 103 to give the desired compound. 



Example 105 



20 



A. Benzy; f2RV2*lsobutyi'3'(((4-N-b9n2yl"N*methylamino)carbonyl)amino)propionate. 



The resultant compound of Example 100D (1.47 mmol), diphenylphosphoryl azide (1.47 mmol). and 
triethylamine (1.47 mmol) in dry benzene (6 ml) were refluxed for 5 h to provide a solution of the derived 
isocyanate which was cooled to O'C and treated with benzylamine (1.6 mmol). The cooling bath was 
z5 removed and the reaction stirred for 1 h. The reaction mixture was poured into 10% aqueous HCl and 
extracted two times with ether. The combined organic layers were washed successively with saturated 
aqueous NaHCOi and brine, dried (Na 2 S04), filtered and concentrated in vacuo to provide the unpunfied 
product. The desired product was obtained in pure form after chromatography on S1O2. 

00 

B. (2R)-2'lsobutyl«3-(f(N'benzyl-N-methylamino)carbonyi)amino)propiontc Acid. 

The resultant compound of Example 105 A was hydroiyzed according to the procedures of Example 6E 
35 to give the desired compound. 

C. 2^Butyloxycai1xmy;amtnoH-^ 

1 .5-diphenyl-3»hydroxypentane. 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
105B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



4$ 



Example 1O6 



50 



55 



A Benzyl (2R)-2-lsobutyl-3*f(ethGxycart;onyl)a'Tnno)propionate. 



Using the procedure 
compound. 



of 



Example 105A but replacing benzyiamme with ethanoi gave the desired 



B. f2R)-2-lsobuty l-3-Uethoxycarbory 'taming tprppipnic Acid. 
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The resultant compound of Example 106A was hydrogenolyzed according to the procedure of E-nmple 
71 C to give the desired compound. 

5 C. 2«(t-8utyloxycarbonylamino)-4-(N-(2-isobutyl^ 

hydroxypentane. 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
to 1088 was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 107 



A. N-Benzyloxycarbonyi*N-methyl-2-aminoethanoi. 

so To N-methyiethanolamine (149 mmol) in methylene chloride (100 ml) at o'C was added benzyl 
chloroformate (70 mmol). The mixture was stirred at 0 ' C for 30 min, then at room temperature for 1 h, 
poured into ethyl acetate, washed with 2 M HCI, saturated NaHCOi solution, and bnne. then dried over 
NajSOt and evaporated to provide the desired compound. H NMR (CDO3.TMS) 5 7.36 (m,5H). 5.14 
(S.2H). 3.78 <m.2H). 3.47 (M.2H), 3.01 (s.3H). 

25 

8. t'Methoxyethoxymethoxy»2'(N«methyl-N'ben2yloxycarbonylamino>ethane. 

30 To the resultant compound from Example 107 A (66 mmol) m methylene chloride (100 ml) was added 
diisopropylethylamine (138 mmol) and 2-methoxyethoxymethyi chloride (132 mmol). After 4 h the mixture 
was evaporated, dissolved in ethyl acetate, washed with 0.5 M H3PO*. saturated NaHCOi solution, and 
brine, then dried over Na2SO*. and evaporated to afford the desired product as an oil. b.p. 150-170' C (0.3 
mm). 

35 

C. i*Methylamino-2-methoxyethoxymethoxyethane. 

40 The resultant compound from Example 107B (31 mmol) and i0°o palladium on carbon (3 g) in 
methanol (60 ml) were stirred under a hydrogen atmosphere for 24 h. The mixture was filtered, evaporated 
and distilled to afford the desired product as an o<i. b p. 130-140* C (45 mm). 



45 O. Benzyl (2R)-2-lsobutyl-3-(N-methyl»2-methoxyethoxymethoyyetnyOaminocarbonyHpropionate. 



The resultant compound of Example 1000 was coupled to the resultant compound of Example 107C 
using the mixed anhydride procedure of Example 6F to give the desired compound. 

so 

E. (2R)-2-lsobutyl«3MN-methyl'Nw2*methoxyethoxymethoxyethynamtnocarbonyt)pfopionic Acid. 

55 The resultant compound of Example 107D was hydrogenolyzed according to the procedure of Example 
71C to give the iesired compound. 
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F. 2-(t-Butyloxycartoonylamino)-4-(^^ 

propipnyl)aminoH.5-diphenyl-3-hydroxypentane. ~ 

5 According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example 
106B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



to 



30 



25 



Example 108 



2*(t«8utyioxycarbony<amino)«4*(p-toluenesulfonylamino)-t,5»diphenyl-3«hydroxypentane, 



The resultant compound from Example 1 1 (0.05 mmol) in 2 ml of pyridine was cooled to O'C and 
treated with 0 05 mm~\ of o-tofuenesulfonyl chloride. After 2 h. the solution was diluted with ether, washed 
sequentially with i N MCI. iqueous NaHCOj, and saturated brine, dried over MgSO*. and concentrated. 
Stlica get chromatography gave the desired compound. 



Example 109 



2*Amtno-4-(p-toiuenesuifonylanlno)«t.5-diphenyN3-hydroxypentane Hydrochloride. 



Using the procedure of Example 12 with the resultant compound of Example 108 gave the desired 
oo compound. 



3S 



so 



Example 1 10 



2.4*Bis*(p'toluenesulfonylamino)*l.5-diphenyl*3-hydroxypentane. 



40 Using the procedure of Example 108 with the resultant compound of Example 109 gave the desired 
compound. 



Example 1 1 1 



2-(t-Butytoxycarbonyiamino>»4-(N-f(p-^ 



According to the carbodiimide coupling procedure of Example 55. N-(p*toluenesulfonyl)valine was 
coupled to the resultant compound of Exampio 1 1 to give the desired compound. 



55 



Examoie 1 1 2 
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2-Aminfr4-<NM(p-tofuenesu^ Hydrochloride. 

Using the procedure of Example 12 with the resultant compound of Example 111 gave the desired 
5 compound. 



Example 113 



2.4*8iS"(N-((p«toluenesulfonyl)valinyl)amino)«i,5-diphenyl«3-hydroxypentane. 



'5 According to the carbodiimide coupling procedure of Example 55, N-p-toluenesulfonyl)valine was 
coupled to the resultant compound of Example 1 12 to give the desired compound. 



20 



25 



Example 114 



A. N-(2-Cyanoethyl)leucine Methyl Ester. 



A solution of leucine methyl ester (0.590 mmol) in acrylomtrile (2 ml) was heated at reflux. Evaporation 
provided a residue which was chromatographed on silica gel to give desired compound. 



30 



B. N-(3-8enzyloxycarbonylaminopropyl)leucine Methyl Ester. 



The resultant compound of Example 114A (0.135 mmol) was hydrogenated (4 atmospheres H 2 ) over 
Raney Nickel (85 mg) in anhydrous methanol ammonia (20 mi 5 ml) for 3 h. Filtration and evaporation 
35 provided the crude amine which was taken up tn dichioromethane and treated with 0.14 mmol of N* 
(benzyloxycarbonyioxy)succtnimtde. After 2 h. the solution was washed with aqueous NaHCOi. dried over 
NaaSO*. and concentrated. Silica gel chromatography gave the desired compound. 



C. N-(3«Ben2yloxycarbonylammopropyl)leucine. 



The resultant compound of Example 1148 was hydroiyzed according to the procedure of Example 6E 
to give the desired compound. 



O. 2-(t-ButyloxYcarbonyiaminoMMN-(((3-b^^ 



50 



ypentane. 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
1 14C was coupled to the resultant compound of Example 1 1 to give the desired compound. 



55 



ExamDie 115 
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2^-Buty!oxycarbonylamino^^ 



The resultant compound of Example ti40 was hydrogenolyzed according to the procedure of Examole 
3 7tC to provide the desired compound. example 



to 



Example 1 16 



20 



25 



30 



A Methyl a-Beneylacrylate, 

a-Benzylacrylic acid (1.00 g. 6.17 mmol) in methanol (20 ml) was treated with BF 3 *Et 2 0 (2 ml) The 
mixture was heated to reflux for 14 h. cooled, and poured .nto saturated NaHCO, solution. Extraction with 
ether followed by drying over Na 2 SO* and evaporation afforded i 03 g (95%) of a mobile oil *NMR (CDCh) 
* 7.17-7.35 (m.5H>. 6.23 <m.1H>. 5 47 (m,lH), 3.74 (s.3H). 3.63 (S.2H). 

B Methyl 2*Ben2yi»3*(N-methoxyUN-methylamino)propionate. 

The resultant compound from Example 116A (800 mg. 4.54 mmol). N-methyl.O-methylhydroxylamine 
hydrochloride (0 57 g, 5 4 mmol). and NaHC0 3 (0.46 g. 5.48 mmol) in dimethylsulfoxide (5 ml) were heated 
at 130 C for 20 n. The mixture was diluted with ethyl acetate, washed with water, saturated NaHCOi 
solution and brine, and then was dried over Na 2 SO, and evaporated. Chromatography of the residue on 
silica gel with 10% ethyl acetate in hexane afforded 226 mg (21%) of a mobile oil. H NMR <CDCI 3 ) 6 7 10* 
7.30 <m,5H), 3.60 (s.3H>. 3.47 (s.3H). 2.80-3 10 (m.4H>. 2.60 (dd.lH) 2 55 (s 3H) 



2. 2-Benzyl-3-(N"methoxyl»N-methylamino)propionic Acid. 

w Using the procedure of Example H7B with the resultant compound from Example 116B gave the 
desired product. H NMR (COClj) 3 7.10-7 35 (m 5H). 3 58 (S.3H), 2.62 (s.3H) 

0. 2-ft-8utyloxycarborytam^ 

40 hydroxypentane. " —————— 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
1 16C was coupled to the resultant compound of Example 1 1 to give the desired compound. 



ExamDle 1 17 



so 



55 



A. Methyl 2-Benzy(-3»pyrazoM-yioropionate. 



fsing the procedure of Example 116B but reofaong N.methyi.O-methylhydroxylamine hydrochloride 
NaHCOi with oyra20ie provided the desired product as an oil. H NMR (CDCI 3 > h 7.52 (d.1H). 7.10-7 35 
4). 6.10 (dd.iHi. 4 38 (dd.lHi. 4.24 (dd.iH>. 3 57 <s.3H). 3 37 (m.lH). 2.98 (dd.lH). 2.82 (dd.lH), 



Using 
and NaHCO 
<m.6H) 
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B. 2-Benzyl«3-pyr azol- 1 -y Ipropipnic Acid. 



The resultant compound from Example H7A (100 0 mg, 0.409 minol) in dioxane (2 ml) at 0*C was 
5 treated with LiOH # H 2 0 (22.0 mg, 0.524 mmol) in water (1 ml). After 1 h at o'C and 30 min at room 
temperature the solvent was evaporated and the residue was taken up in water, the pH was adjusted to pH 
3-4, and the mixture was extracted with CHCb which was dried over Na 2 S0 4 and evaporated to afford 96 
mg (100%) of a solid. *H NMR (CDCI 3 ) 5 7 56 <d.1H). MO-7.35 <m.6H), 6.26 (dd.lH). 4.30 (m,2H), 3 34 
(m,lH) t 3.12 (dd.lH), 2.72 (dd.lH). 

to 

C. 2-(t-ButyloxycarbonylaminoH-(N-(2-benzyl-3-py 

is According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example 
117E was coupled to the resultant compound of Example 11 to give the desired compound. 



A. Methyl 2-Benzyl-3-ten>butyimercaptopropionate. 



A Vefhyf 2-Benzyi-3- f er-auTyine*'.caofcorcpionafe. 

25 

To sodium (3.05 g. 133 mmol) in methanol (135 ml) was added tert-butylmercaptan (17.0 ml. 151 
mmol). After 20 min methyl a-benzylacrylate (17 05 g, 96.8 mmol) in methanol (100 ml) was added and 
after 1 h at room temperature the mixture was heated at reflux for 17 h. After cooling, the mixture was 
acidified with 2 M HCl (70 ml), concentrated, taken up in ether, washed with water and brine, then dried 
30 over MgSO* and evaporated to 23.59 g (92%) of an oil. H NMR (COClj) « 7 15-7.35 (m.SH). 3.63 (s.3H). 
2.60-3.05 (m.SH), 1.28 (S.9H). 



8. Methyl 2-Benzyl-3-tert-butylsuifonylproptonate. 

35 

mO at 0*C *33 accec CCtassum perc*Trtrx>^csi;;fate n 3-*5 a 5 r^ma) m oo^cn Aftgr 15 mr at 0 " C artf 
24 h at room remoerature rt>e mixture was ftiTe^ed. #>uted mth water, and extracted with CH : Ch wt*er> was 
jo washed with bnne. dried over MgSO*. and evaporated to 300 mg (99%) of an otl. 'H NMR * 7 15-7.35 
(m.SH), 3.68 (s.3H). 3.45 (m.2H). 3.12 (dd.lH). 2.98 (m.2H). 1 37 fs.9H). 



C 2-8enr/i'3*tert'bur/isu;foffy!crQotcrnc Acid. 

4$ "~" 

The resultant compound from Example 1188 (282 mg. 0.95 mmol) in 6 M HCl (2 ml) and acetic acid 
(0.4 ml) was heated at reflux for 16 h. The mixture was cooled and fiitered~and ihe resulting solid was 
recrystallized from methycyciohexane ethyl acetate to afford 152 mg (56%) of the desired product, m.p. 
50 147-148* C. 



2- ^ t "Butyloxycarbonyiamino)-4-(N>f2-benzyl-3-tert-butyisulfonytpropionyl)amiPQM 5-diphenyl-3-hydroxy pen* 

tane 

55 

According lo the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
118C was coupled to the resultant compound of Examoie 1 1 to give the desired compound. 

481 

107 

90377452 



EP 0 402 646 A1 



Example 119 



s2^t-Butyloxycarbonyfamino)-4M^ 



According to the carbodiimide coupling procedure of Example 55. dibenzylacetic acid was coupled to 
the resultant compound of Example 1 1 to give the desired compound. 

to 

Example 120 



t$ 

i.5*0i*(4»isopropylphenyl^3'(methoxymethyl)pentane. 



Using the procedure of Example 51 but replacing i.5-dipnenyi-3-pentanol with the resultant compound 
20 of Example 69B gave the desired compound. 



Example 121 

29 

l,5*Di'M'naphthyl)*3MmethQyymethyl)pentane. 



x Using the procedure of Example 51 but replacing i.5-diphenyi-3-pentanol with the resultant compound 
of Example 91 B gave the desired compound. 



Example 122 

35 



i .5*Dt*f4-methoxyphenyl)*3*(methoxymethyQpentane. 

Using the procedure of Example 51 but replacing 1.5-diphenyl-3-pentanol with the resultant compound 
of Example 92B gave the desired compound. 



45 Example 123 



i 5-DH^-rjromophenyl)-3HmethQKymethyi)pentane. 

so 

Using the procedure of Example 51 but replacing t.5-diphenyi-3*pentanol with the resultant compound 
of Example 93B gave the desired compound. 

55 

Examole 124 
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1,5-Dlphenyl*3.(th iomethoxymethy0pentane. 
prov.de the desired corned ' ° ^ "* ^< T ^dron Lett. 1976 3269) to 



t0 Example 125 



1,5-Oiphenyf.3.(2-methoxyethQKymethyi)pentan8. 

*° Example 126 

A. Methyl 2-F[uoro.3-phenyipropanoate 

30 

B. 2,3«EpQKy4-Muoro. 1 ,5-dipheny Ipentane. 

0 2 ' Az,d0 " 1 •S'<3'Dheny^4-fiuoro>3-hydroxypentane. 
com2d ,he * EXamP ' e 10C W ' ,h * he reSU ' ,an ' Compou " d - Example ,268 gave the des.red 

Example 127 

50 2'Amino-l,5-diphenyi-4.fuoro-3-hydfoxypentan e. 

com£unV h * P ' 0Ce " Ure °' EXamP ' e ,0 ° Wm reSU,,an, C ° mP0und °' Examp,e ,26C 9™ *• *wd 



55 



Example 123 
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2-fN-Cbz-valinyl)amino>l,5»diphenyM-fluoro-3*hydfoxypentane 



Using the procedure of Example 55 but replacing the resultant compound of Example t1 with the 
S resultant compound of Example 127 gave the desired compound. 



to 



Example 129 



2-<N-Cbz»valinyl)amino«l,5-diphenyl-4-fluoro-3-pentaione. 



r$ According to the procedure of Thaisrivongs et. al. (J. Med. Chem. 1986. 29, 2080). the resultan; 
compound of Example 128 was oxidized with oxalyl chloride/dimethyl sulfoxide to provide the desired 
compound. 



20 



Example 130 



A. Benzyl a-lsoprppylacrylate. 

25 

o-lsopropylacrylic acid (13 mmol) m dry ether (40 mi) was treated with dicyciohexylcarbodiimide (12 
mmol). benzyl alcohol (12 mmol) and 4-dimethylaminopyridme (2.5 mmol) After stirring at ambient 
temperature for 44 h. the mixture was filtered and evaporated. Silica gel chromatography provided the 
to desired compound. 



B. Benzyl 3-Acetylmercapto-2-«soprcpytprcpionate. 



The resultant compound of Example 130A (27 mmol) m dry ether MO mi) was seated with thioiacetic 
acid (42 mmol) and pyridine (28 mmol). After 5 days, the mixture was concentrated m vacuo and 
chromatograohed on silica gel to provide the desired compound. 



2-Benzyioxycarbonyl-3-methylbut- 1 -y'suifpnyt Chloride 



Chlorine was bubUed »nto a mixture of the resultant comoound of Example 130B (25 mmol) in water 
(250 mi) for 30 mm at ambient temperature followed by nitrogen which was bubbled through the mixture for 
15 mtn. The mixture was extracted with methylene chloride which was dried over MgSO* and concentrated 
to provide the desired compound which was used without further purification 



50 



0. Bervyi 2'ISOprooyi-3-i4*methyipiperc n-! -yisuifonyhcropionate. 



A solution of The resultant compound of Example 130C (2 8 mmol) m 10 ml of dichloromethane was 
cooled to -10 C and treated with i-methyipiperazme <8 5 mmol) After 30 mm, the solution was con* 
55 cerrtrateo »n vacuo, taxen uo -n ethyl acetate, washed seauenttaiiy with aqueous NaMCO- and saturated 
bnne. doed over Na,-S04 and concentrated Silica cjei chromatography provided the desired compound,. 
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E. 2«lsopropyl«3-(4*methy)pipenzm*1'yts uif onyl)propiontc Acid. 

The resultant compound of Example 1300 was hydrogenofyzed according to the procedure of Example 
5 71 C to provide the desired compound. 



F. 2*(t-8utytoxycarbonytamino)«4«(N«((2»isop 

~~ diphenyt-3-hydroxypentane. 

10 

According to the carbodiimide coupling procedure of Example 55, the resultant compound of Example 
130E was coupled to the resultant compound of Example 1 1 to give the desired compound. 

f5 

Example 131 



20 A. Benzyl 2«tsopropyi«3«(morpho!in-4-yisulfonyt)propionate> 

Using the procedure of Example 130D but replacing 1 -methytpipera2ine with morpholine gave the 
desired compound. 

t B. 2-ISOpropyl'3'(morpholin-4*ylsulfonyl)pfQpioniC Acid, 

m The resultant compound of Example 131 A was hydrogenolyzed according to the procedure of Example 
71 C to provide the desired compound. 



C. 2«(t«ButytoxycarbonytammoH-(N«((2-isopro^ w 
w hydroxy pentane. 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
131 B was coupled to the resultant compound of Example 1 1 to give the desired compound. 

40 

Example 132 



45 

A. Benzyl 2*Hopropyt*3'({benzylammoisulfonyQpropionate. 

Using the procedure of Example 1300 but replacing t-methylpiperazine with benzyiamine gave the 
so desired compound. 

B. 2-lsoprQOyl'3-(fbenzytaminoisutfonynpfOO?onic Acid. 

55 

The resultant compound of Example t32A was hydroiyied according to the procedure of Example 6E 
to provide the destied compound. 
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40 Using the procedure of Example 12 with the resultant compound of Example 132C provided the desired 
compound. 



Example 136 



2.4-Bi3WN«((2«isooropyi*3"<Denzylamino)sulfonyl)propionynamino)-t,5-diphenyl»3-hydroxypentane. 



50 



55 




According to the carpodiimide coupling procedure of Example 55, the resultant compound of Example 
132B was coupled to the resultant compound of Example 135 to give the desired compound. 



Example 137 
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A. N*((4-Methylpipera2in«l*yl)suifamoyl)valine Benzyl Ester. 



^ A solution of valine benzyl ester p-toluenesulfonate (5 mmol) m oicnloromethane (50 ml) was cooled to 
5 0 C and treated sequentially with diisopropylethylamine (12 mmol) and 4-methylpiperazinesulfamoyl 
chloride. After being stirred for 16 h at ambient temperature, the solution was diluted with ethyl acetate 
washed sequentially with IN HCI, water, and aqueous NaHCO,. dried over MgSO*. and concentrated in 
vacuo. Silica gel chromatography provide© the desired compound. 



B. N«((4-Methylpipera2in*l*yl)sulfamoyl)valine. 



The resultant compound of Example 137A was hydrogenolyzed according to the procedure of Example 
ts 71 C to provide the desired compound. 

£; £H£Buty^^ 

ypentane. 



20 



2$ 



According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
137B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 138 



^Amirn>^(N-(((4-me th yt^ Dihydrochloride. 

Using the procedure of Example 12 with the resultant compound of Example 137C provided the desired 
compound. 



as 



Example 139 



2.4>Bis«(N-f((4-methyipiperazin«1-yl)suifamoyi)valinyi)amino)-t 5-diphenyi-3-hydroxypentane . 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
*s 137B was coupled to the resultant compound of Example 138 to give the desired compound. 



^^^^ 
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Example 140 



2.4-Bis*N-(valinyl)aminO"i.5-diph9nyl*3*hydfOxypentane. 



55 The resultant compound of Example 70 was hydrogenolyzed according to the procedure of Example 
71C to provide the desired compound (R, 0.1. 10% methanol m chloroform) as a white solid mp 131- 
132 # C. 
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2-ArT)ino-5*(t-butyloxycafbonylaminoH3.4-dihydroxy-l,6-diphenyl«3»hexane 



A mixture of 0.13 g of the resultant compouiid of Example 17B and 0.13 g of 10% palladium on carbon 
in 50 ml of ethyl acetate was shaken under 4 atmospheres of H ? for 4 h. The resulting mixture was filtered 
w through Celite and concentrated in vacuo to provide 72 mg (86%) of the desired compound as a 1:1 
mixture of diastereomers. Mass spectrum: (M ♦ H)* * 401 
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A. N-(3-pPhenylpropionyl)valine Benzyl Ester. 



Using the procedure .of Example 137A but replacing 4-methylpiperazinesulfamoyl chloride with 
dihydrocinnamoyl chloride gave the desired compound. 



B. N*(3*PhenylpropionyQvaline 



The resultant compound of Example 142A was hydrogenoiyzed according to the procedure of Example 
71 C to provide the desired compound. 



C 2-(t-Bifoloxycart)onvlamino)-4-(N-((3-^ 

» According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
142B was coupled to the resultant compound of Example 1 1 to give the desired compound 

Example 143 



N,N'Di-(2*phenylethyl)*0^methoxymethyl)hydroxylamine 



Using the procedure of Example 51 but replacing l.5-diphenyl-3-pentanol with the resultant compound 
of Example 308 gave the desired compound. 



Example 144 



A. N-((Ben2ylamino)carbonyi)valtne Methyl Ester 



Using the procedure of Example 83A but replacing leucine methyl ester hydrochloride with valine 
methyl ester hydrochloride and replacing thiomorphotme with oenzyiamme provided the 2o$ired compound. 
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B, N-<(Ben2ylamino>carbonyl)valin«. 



The resultant compound of Example 144A was hydrolyred according to the procedure of Example 6E 
5 to provide the desired compound. 

£; 2-(HButytoxycarbonylaminoM*(N«W 



to 
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According to the carbodiirmde coupling procedure of Example 55, the resultant compound of Example 
t44B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 145 



A. N-(3"Phenylpropyl)valine 8en2yl Ester. 

A mixture of dihydrocinnamaldehyde (7 mmol). valine benzyl ester dihydrochloride (7 mmol). anhydrous 
sodium acetate (0.7 g. 21 mmol). and sodium cyanoborohydnde (11 mmol) in 200 mL of isopropyl alcohol 
was stirred at ambient temperature. After 16 h. an additional 0.2 g portion of sodium cyanoborohydride was 
added and stirring was continued for 4.5 h. After removal of the solvent in vacuo, the residue was taken up 
in ethyl acetate, washed sequentially with saturated aqueous NaHCOi and saturated brine, dried over 
MgSO*. and concentrated. Silica gel chromatography gave the desired compound. 



B_ N-(3"Phenylpropyi)valine 



The resultant compound of Example 145A was hydrogenolyzed according to the procedure of Example 
71 C to provide the desired compound. 



C. 2"(t'Butyloxycafbonyiamino)-4-(N-((3-phenyipropyi)valinyl)amino)«1.5*diphenylQ-hydroxypentane . 

40 According to the carbodiirmde coupling procedure of Example 55. the resultant compound of Example 
145B was coupled to the resultant compound of Example 1 1 to give the desired compound. 

Example U6 



2.4*BiS'<Cb2*vannyl-amino)»l,5*diph8nyl«3-((methoxy)methoxy)pentane 



A solution of 22 mg of the resultant comoound of Example 70 in 1 ml of dichloromethane was treated 
with 0:07 ml of ethyidnsooropyiamme and 0 03 ml of chioromethyl methyl ether. The resulting solution was 
heated at reflux for i n. The cooled solution was concentrated m vacuo to give 26 mg of a crude solid 
which was recrystaitued from ethyl acetate chloroform to provide 15 mg of the desired compound (R. 0.6. 
10% methanol in chloroform) as a white solid, m p. 197-198' C. Mass spectrum: (M ♦ H)* * 781 
Anal. Calcd for C*.Hc 4 N*Oi * 1 5H 2 0: C. 66 89. H. 7 36. N. 6 93. Found" 66.96; H. 6.76. N. 6.77 
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Example 147 



* 2,2- Di-(2-phenylethylH.3-dioxolane. 

A solution of 135 mg (0 6 mmol) of 1 ,5-diphenyl-3-pentanone. 0.2 ml of ethylene glycol, and 10 mg of 
p-toluene sulfonic acid monohydrate was refluxed with azeotropic removal of water. After separation of 
to water was completed, the solution was diluted with ethyl acetate, washed sequentially with aqueous NaHCO 
and water, dried over Na^SCh. and concentrated to provide the desired compound. 'H NMR (CDCIj) I 2.0 
(m. 4 H). 2.71 <m, 4 H). 4 03 (s. 4 H), 7.15-7.3 (m. 10 H). Mass spectrum: iM ♦ H)* * 283. 

f 5 Example 148 



TO 
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4S 
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2*(Acetylamtnoh4-<t-butyioxycarbonylamino)-1.5-diphenyl-3»hydroxypentane. 

A solution of 20 mg of the resultant compound of Example 1 1 and 0.05 ml of triethylamine in 1 ml of 
dichioromethane was cooled to 0* C and treated with 0.01 ml of acetic anhydride After 30 mm, the solution 
was partitioned between water and dichioromethane. and the organic phase was dried over NajSO* and 
concentrated to give 23 mg (100°'o) of the desired compound (R, 0 5. 10% methanol in cnioroform). Mass 
spectrum: (M ♦ H)* ■ 413. 

Example 149 



A. 3-(tert-Butyldimetnylsily1oxy)-1 ,6*diphenyl-4-hydroxyhexane. 

A solution of 2-phenyiethyimagnesium bromide (prepared from 0.4 ml of 2-<bromoethyi>benzene and 90 
mg of magnesium) in tetrahydrofuran was cooled to 0*C and treated with a solution of 0 35 g of the 
resultant compound of Example 6C in tetrahydrofuran. After being stirred at amb'ent temperature for 1 h, 
the solution was heated at reflux for 4 h. treated with saturated aqueous ammonium chloride, extracted with 
ether, washed with saturated brine, dried over MgSO*. and concentrated. Silica gel chromatography using 
ethyl acetate/hexane gave the desired compound. 



B. 3.4-Qihydroxy-1.6-diphenylhexane. 



A solution of the resultant compound of Example 149A (30 mg, 0.078 mmol) was deprotected according 
to the procedure of Example 6G to provide the desired compound as a 3:1 mixture of diastereomers. 
Recrystalttzation from chloroform ethyl acetate provided the desired compound as a single isomer, m p. 
50 128.5-i29*C. 'H NMR (CDCIj) 8 1.76 <m. 4 H). 1 82 (d. J = 5 Hz. 2 H). 2.63 (dt. J a 14. 8 Hz. 2 H). 2.85 
(ddd. J » 14, 9, 6 Hz. 2 H), 3.62 <m. 2 H>. 7.15-7.3 <m. 10 H). Mass spectrum: (M * NH*>* = 288. 



Examole 150 



4 9 0 4 S-O-^-onenyiethyO-t 3-Otcyoiane 
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acetic acid 
desired compound. 



Example 151 

to 

4.4«Oi-(2-pheny(ethyln,3-dioxolane. 
Example 152 



20 



3,3-Dimethoxy- 1 .5-dipheny fpentane. 



30 



' provide the desired compound. 
Example 153 



3S 

71C 



2.(t.Buty. OX ycarbony^^^^^^ 



Example 154 



4J 2.4-Bi8-fCbz-ieucinyi-aspafaqinvi .amino).i.5-dipheny|.3-hvdfoxvpentan ft . 

Us.ng me procdure of Example 12 with the resultant compound of Example 65 aave a C rud« 

2JSSSSS,2 T" '° Cb2 - L - A - 0M 'o the proceTureot ?Z « o ™ 

after s hea gel chromatography uS ,ng methanol, chloroform, the cies.red compound <R, 0 7 i 0 s methano l' 
so chloroform, as a wh.te solid, m.p 250-251 Mass spectrum (M ♦ H>* > 993. methanol m 

Example 155 

55 

A. Bis-ff2'M3utyloxycarbonytam(nc)-3.phenylpfopy|)s u |fi de, 

491 

117 
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A solution of 2.30 g (7.0 mmol) of 2-(t-butyloxycarbonylamino)-3-phenylpropyl methanesulfonate {Tet - 
ahedron Lett 1986. 27. 2095) and 0.84 g (3.5 mmol) of sodium sulfide nonahydrate in 75 ml of 2:1 
tetrahydrofuran/methanol was heated at reflux for 2.5 h. The cooled solution was concentrated in vacuo, 
partitioned between ethyl acetate and water, washed with saturated brine, dried over MgSOt. and 
5 concentrated. Silica gel chromatography usjng 20% othyl acetate in hexane provided 0.42 g (24%) of the 
desired compound. Mass spectrum: (M + H)* ■ 501. 



B. Bis-((2-t«butyloxycarbonylamino)-3-phenylpropyl)sulfone. 
to : " 

A solution of the resultant compound of Example 155A (404 mg, 0.81 mmol) in 10 ml of dich- 
loromethane was treated with 0.40 g of 80% m-chloroperbenzoic acid. After being stirred for 16 h at 
ambient temperature, the solution was diluted with dichioromethane. washed sequentially with 10% 
t$ Na 2 S 2 0i 3N NaOH and water, dried over MgSO*. and concentrated to give 0.36 g (84%) of the desired 
compound (R f 0,25. 15% ethyl acetate in chloroform) as a white solid, m.p. 227*228* C (dec). Mass 
spectrum: (M«*H)* * 533. 

Anal. Calcd. for C2aH4 C N 2 O«S'0.75H2O: C. 61 57: H, 7.66. N. 5.13. Found: C. 61.65: H, 7.33; N, 4.93. 

20 

Example 156 



23 A. Bis-((2*ben2yloxycarbonylh3*phenyipropyl)sulfide. 



Using the procedure of Example 155A but replacing 2-(t-butyloxycarbonylamino)-3-phenylpropyl 
methanesulfonate with benzyl a-bepzylacrylate nrovided the desired compound after silica gel chromatog- 
oo raphy. 



B. BiS'((2-benzyloxycarbonyl)«3*phenyipropyi)sulfone. 

is 

Using the procedure of Example 155B with the resultant compound of Example 156A gave the desired 
compound. 



40 Example 157 



Bts»((2-t-butyloxycarbonylamino>-3-phenyipropyi)suif oxide. 

Using the procedure of Example 2 with the resultant compound of Example 155A provided the desired 
compound. 

50 

Examoie 158 



53 Bis-ff2-benzyioxycarbonyi)-3'phervtcrooyhsuifoxtde. 

Using the procedure of Example 2 with the resultant compound of Examoie 156A provded the desired 
402 
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compound. 



Example 1 59 



io 



A. N,N»Bis»((2-methovycarbonylh3-phenylpropyl).Q.ben2ylhydroxylamine. 

The resultant compound from Example 116A (4 mmol). O-benzylhydroxylamine hydrochloride (2 mmol), 
and NaHCOa (2.2 mmol) in dimethylsulfoxide (5 ml) were heated at 130'C for 20 h. The mixture was 
diluted with ethyl acetate, washed with water, saturated NaHCOj solution and brine, and then was dried 
over NajSOj and evaporated. Silica gel chromatography provided the desired compound. 

8. N.N-Bis»((2-methoxycarbonyi)«3*phenyipropyl)hydroxylamine. 



20 



25 



The resultant compound of Example 159A (1 mmol) was treated with 10 ml of 30% HBr in acetic acid 
and stirred at ambient temperature for 4 h. After removal of the solvent in vacuo, the residue was partitioned 
between ethyl acetate and aqueous NaHCOi. dried over Na 2 S04. and concentrated. Silica gel chromatog- 
raphy provided the desired compound. 



Example 160 



30 



A. g-lsocyanato-vatine Methyl Ester. 



35 



A susp* ion of L-vaiine methyl ester hydrochloride M0 g) m toluene (400 mi) was heated to 100* C 
and onosgene gas was bubbled into the reaction mixture. After approximately 6 h. the mixture became 
homogeneous, ^he bubbling of phosgene was continued for 10 more min. then the solution was coofed with 
the bubbling of N : gas. The solvent was then evaporated and the residue chased with toluene two times. 
Evaporation of solvent gave 14.2 g of the crude de ..red compound. 



50 



8^ Nwf4*Pyridinyl)methoyycarbonyl)-valine Methyl Ester. 

A solution of 0 73 g (4.65 mmol) of the resultant compound of Example 160A and 0.51 g (4 65 mmon of 
pyriame-4-methanoi >n 30 mL of toluene was heated at reflux under N 2 atmosphere for 4 h. The solvent was 
removed in vacuo and the residue was purified by silica gel chromatography using 2% methanol m 
chloroform to give t 01 g (82°i) of the desired compound as an oil. 'H NMR (CDCU) 6 0.91 (d. J • 7 Hr 3 
H). 0 99 <d. J * * h*. 3 H), 2 19 <m. 1 H). 376 fs 3 Hi, 4 31 (dd. J » 9. 5 Hz. 1 H). 5 12 <s. 2 H) 5 37 
d. 1 H| ( 7 25 (d. J = 6 Hz. 2 H). 8 60 (d. J * 6 Hz. 2 H\ 



C N'(f4-Pyfi<3inyt)methow V cafbo^yt)-vaitne lithium Salt. 



A solution of 50 8 mg <0.t9i mmol) of the resultant compound of Example 160B m 0.75 ml of dioxane 
55 was treated with 0 46 ml i0.23 mmol) of 0.5 M aaueous =tthium hydroxide. The resulting solution was stirred 
overrent at ambient temperature ana concentrated m vacuo to provide the destroc compound. 

4 93 
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0. 2*(N«((4-Pyridlnyl)methoxycarbonylH^ 



A solution of the resultant compound of Example 160C (0.191 mmo!), 94 mg (0.97 mmol) of the 
s resultant compound of Example 69. and 31 mg (0.23 mmol) of 1 -hydroxy benzotriazole in 2 mi of 
dimethylformamide was treated under N 2 atmosphere with 44 mg (0.23 mmol) of N-ethyl-N- 
(dimethylaminopropyl) carbodiimide hydrochloride and stirred overnight at ambient temperature. The 
rosulting solution was taken up in ethyl acetate, washed sequentially with aqueous NaHCOi, H 2 0, and 
saturated brine, dried over NazSO*, and concentrated in vacuo. Chromatography on silica gel using 3% 
to methanol in chloroform provided 119 mg (67%) of the desired compound (R ( 0.19, 5% methanol in 
chloroform) as a white solid, m.p. 170-172*C (dec). Mass spectrum: (M ♦ 1)* « 738. 
Anal. Calcd for Ci 2 HsiN s O7 # 0.5H 2 O: C, 67.54; H, 7.02; N, 9.38. Found; C. 67.53; H. 7.00; N, 9.39. 



f5 Example 161 



A. N-((3-Pyridinyl)methoxycarbonyl)-valine Methyl Ester. 

20 

Using the procedure of Example 160B but replacing pyridine-4-methanol with pyridine- 3*methanol 
provided the desired compound as an oil after silica gel chromatography using 2% methanol in chloroform. 
*H NMR (COCb) 5 0.90 (d. J * 7 Hz, 3 H). 0.98 (d. J * 7 Hz. 3 H), 2.16 (m. 1 H), 3.65 (s. 3 H) t 4.30 (dd, J 
25 * 9. 5 Hz, 1 H). 5.14 (s, 2 H), 5.30 (br d. 1 H), 7.30 (dd. J 3 8. 5 Hz. 1 H). 7.70 (br d. J » 8 Hz. 1 H), 8.58 
(dd. J « 4. 1 Hz. 1 H), 8.63 (br s. 1 H). 



B. N-((3-Pyridinyl)methoxycarbonyl>*valtne Lithium Salt. 

JO 

Using the procedure of Example 160C with the resultant compound of Example 161A provided the 
desired compound. 

35 

C. 2»(N^(3*Pyrk3inyl)methoyycartx)nyi>-valinyl«am 



Using the procedure of Example 160O but replacing the resultant compound of Example 160C with the 
40 resultant compound of Example 161B provided; after silica gel chromatography using 3% methanol in 
chloroform. 113 mg (94%) of the desired compound (R» 0.21. 5°'« methanol in chloroform) as a white solid, 
m.p. 177-178* C. Mass spectrum: (M ♦ D* « 738. 

Anal. Calcd for C* 2 H V N 5 O7 # 0 5H : 0: C. 67 54; H, 7.02; N, 9.38. Found: C. 67 35; H. 6.90: N. 9.35. 

45 

Example 162 



50 A Nw(2-Py r idtnyl)methoxycarbonyt)-valine Methyl Ester. 



Using the pr*^cedure of Example 160B but replacing pyndine-4-methanol with pyndine-2*methanoi 
provided 0.72 g (54%) ot the desired comoound as an oil after silica gel chromatography using 2% 
35 methanol in chloroform. 'H NMR (COCb) i 0 91 (d. J s 7 Hz. 3 H). 0.98 (d. J a 7 Hz. 3 H). 2.19 (m. 1 H) t 
3.75 (S. 3 H), 4.32 (dd. J » 9. 5 Hz. 1 H). 5 24 <s. 2 M>, 5.39 (br d. 1 H). 7 23 (ddd. J a 8. 4, 1 Hz. 1 H). 
7.37 (d. J * 8 Hz. 1 H). 7 70 (td. J » 8. 2 Hz. 1 HV 3.60 (hr d. 1 H). 



4 94 ,20 
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B; N-((2-Pyridinyl)methoxycarbonyl)-valine Lithium Salt. 



Using the procedure of Example 160C with the resultant compound of Example 162A provided (he 
s desired compound. 



C. 2-W(2-Fyridinyi)methoxycarbo^ 



Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 162B provided, after silica gel chromatography using 2% methanol in 
chloroform. 119 mg (99%) of the desired compound28. 5% methanol in chloroform) as a white solid, m p 
194-195 C. Mass spectrum: (M ♦ 1)* a 738. 
15 Anal. Calcd for C4 2 H 5 ,N,O; # 0.5H20: C. 67.54; H. 7.02; N. 9.38. Found: C, 67.31; H, 7.00; N. 9.37. 



Example 163 



A. N-f(3*Pyridinyl)carbonyiKaNne Benzyl Ester. 



25 A solution of 2.44 g (6.44 mmol) of L-valine^ benzyf ester p-toluenesulfonate in 100 ml of dich- 
loromethane was cooled under N 2 atmosphere to 0*C and treated sequentially with 1.15 g (6.44 mmol) of 
nicotinyl chloride hydrochloride and 2.8 ml (26 mmol) of 4- metnyimorpholine. After being stirred at ambient 
temperature overnight, the resulting solution was diluted with 200 ml of diethyl ether, washed sequentially 
with water aqueous NaHCOi. and saturated brine, dried over Na 2 SOt. and concentrated in vacuo to give 

30 2.09 g (95%) of the desired compound. *H NMR (CDClj) * 0 96 fd, J « 7 Hz. 3 H), 1 01 <d, J • 7 Hz. 3 H), 
2.30 <m. 1 H), 4.83 (dd, J 8 9,5 Hz. 1 H). 5.20 (AA'. 2 H). 6 67 <bf d. 1 h>, 7 37 <br s. 6 H). 8.11 <dd J » 
8. 2 Hz. 1 H). 8.74 (br. 1 H), 9.01 (s, 1 H). 



M B N-((3-PyridinyiW:arbonyiwai<ne 



A suspension of 0.16 g of I0°'o palladium on carbon m 20 ml of methanol was treated with a solution of 
1.08 g (3.16 mmol) of the resultant compound of Example 163A m 10 mi of methanol. The resulting mixture 
40 was stirred vigorously under H 2 atmosphere for 4 h filtered through Cetite. and concentrated m vacuo to 
provide the desired compound as an off-white sond 



£; 2-(N*((3*Pyridinyi)carbonyi)*valtnyl-amino)-4-(CbZ'va)tnyl-aminoHi .5-diphenyl-3*hydroxypentane. 



Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 163B provided, after stiica gel chromatography using 3% methanol in 
chloroform. 85 mg (72%^of the desired compound (R f 0 21. 5% methanol m chloroform), m.p, 196-199* C. 
50 Mass spectrum: (M ♦ if » 708. 

Anal. Calcd for C*< H*,N*0; # 1.25H 2 0: C. 67.42; H. 7 11. N. 9.59. Found: C. 67.56: H. 6.91; N. 9.66. 



Examoie 164 

55 



4 9 5 

A. Nw(4-Pyndtnyl)carbonyi>-vaitne Benzyl Ester. 
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Using the procedure of Example 163A but replacing nicotinyl chloride hydrochloride with isonicotinyl 
chloride hydrochloride provided 2.32 g (97%) of the desired compound. \H NMR (CDCI 3 ) a 0.94 <d J » 7 
S Hz. 3 H), 0.99 (d. J • 7 Hz. 3 H). 2.30 (m. 1 H), 4 82 (dd. J * 9, 5 Hz, 1 H) ( 5.22 (AA\ 2 H), 6.75 (br d 1 
H). 7.38 (br s, 5 H), 7.63 (dd, J ■ 6, 2 Hz, 2 H), 8.76 (dd. J - 6. 2 Hz, 1 H). 



to 



B. N-((4-Pyridinyl)carbonyl>-valine. 



t3 



2$ 



Using the rocedure of Example t63B with the resultant compound of Example 164A gave the desired 
compound. 



£. 2 -(*H(4-Pyridinyl)carbonyf)-valinyl-am^^^^ 



Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
20 resultant compound of Example 164B provided, after silica gel chromatography using 3% methanol in 
chloroform, the desired compound. 



Example 165 



A. N-((2»(4-Morpholinyl)ethyloxy)carbonyl)-valine Methyl Ester. 



30 



A solution of 1.04 g (6.60 mmol) of the resultant compound of Example 160A and 0.88 ml (7.25 mmol) 
of 4-(2*hydroxyethyl)morpholine in 30 mL of toluene was heated at reflux under N 2 atmosphere for 12 h. 
The solvent was removed in vacuo, and the residue was purified by silica gel chromatography using 5% 
methanol in chloroform to give 1.41 g (71%) of the desired compound as an oil. H NMR (COCb) * 0 89 (d. 
J « 7 Hz. 3 H), 0.96 (d. J • 7 Hz. 3 H). 2.16 (m. 1 H). 2.50 (br t. 4 H). 2.62 (t. J ■ 6 Hz. 2 H). 3.72 (t. J - 
6 Hz. 4 H), 3.75 (S, 3 H). 4 20 (br t. 2 H), 4.37 (dd. J * 9. 5 Hz, 1 H). 5 25 (br d. 1 H) 



B. N-((2-(4-Morpholinyl)ethyloxy)carbony0-valine Lithium Salt. 

«0 — — — — — 

A solution of 77.7 mg (0.27 mmol) of the resultant compound of Example I65A in 1 ml of dioxane was 
treated with 1.04 ml (0.52 mmol) o; 0.5 M aqueous lithium hydroxide. After being stirred for 2.5 h at ambient 
temperature, the resulting solution was treated with 0.26 ml (0.26 mmol) of 1 N aqueous HCI and 
45 concentrated in vacuo to provide the desired compound as a white solid. 



C. 2MN-((2-(4-Morpholinypethytoxylcar^ 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
resultant compound of Example 165B provided, after silica gel chromatography using 4% methanol in 
chloroform. 150 mg (94%) of the desired compound (R, 0.34, 7.5% methanol m chloroform) as a white 
solid, m.p. 159-161 'C. Mass spectrum: (M ♦ if * 760. 
53 Anal. CalCd for C* 2 H v N,Ot •0.75H20: C, 65.22: H. 7 62; N. 9.05. Found: C. 65.19: H, 7.49; N, 9.08. 



4 96 



Example 166 



122 
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fo 




Using (he procedure of Ex 



2C 



Using the procedure of Examnte ia*r *u ^ 

'red compound as a white so'T " r98U ' ,ant com ^ of Example ,66A provided th. 



. . - Jure of Exam 

desired compound as a white solid 

^^^^ ^ 

Sf SV^i* ° MaSS Spectrum: < M ♦ " » 744 • 5% me,han °' in ch,orofo ""> « a ^ it e 
Anal. Calcd for C. 2 H„N,07: C, 6781* H 7 79- m o ol r 

o^.8i. h. 7.72. N. 8.89 Found: C. 68.20; H. 7.53; N. 8 89. 



JO 



Example t67 



A. ^<2-Puranyl)m ethoxycarbonvl>.» flli n a ka^ ^ 
- 2 -< N ^-Furanvl)m fl mo,ycarbonvi>.v alinul . Jmi ^ > ,, 



•<Cb<-viHny|.am.no).i.s^i P henvi-.Hi r < m . 



xypentane. 



4 9? 
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£xamp>e 168 



A; N*(((l-Methyi)pyrrolidin-2«yl)methoxycarbonyl)-valine Methyl Ester. 



to 



Using the procedure of Example 165A but replacing 4-(2-hydroxyethyl)morpholine with 1-methyl-2- 
pyrrolidine-methanol provided, after silica gel chromatography using 5% methanol in chloroform, the 
desired compound as an oil. » NMR (COCIj) * 0.90 <d, J » 7 Hz. 3 H), 0 96 <d, J » 7 Hz, 3 H), 1.6-2 0 (m 
34 H). 2.15 (m. 1 H). 2.23 (td, J ■ 9, 8 Hz, 1 H). 2.40 (s. 3 H). 2.53 (m. 1 H>. 3.03 (m. 1 H). 374 (s 3 H)' 
4.00 (dd. J ■ 12, 8 Hz. 1 H), 4.17 (dd. J » 12, 5 Hz, 1 H), 4.28 (dd. J ■ 9, 5 Hz, 1 H), 5.27 (br d, 1 H) 



rs 



20 



B. N-Ui 1 -Methy l)pyrrolidin-2-yl)methoxycarbonyl)-valine Lithium Salt 



Using the procedure of Example 1658 with the resultant compound of Example t68A provided the 
desired compound as a white solid 



C 2-(N-(((1-Methyl)pyrrolidin.2-yi)methox 



30 



ypentane 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
resultant compound of Examole 168B provided, after silica gel chromatography using methanol in chlo- 
roform, the desired compound. 



Example 169 



A. N^f(i-Methyl)piperazin-4*yik:arbonyt>«valine Methyl Ester. 

A solution of 0.86 g (5.47 mmol) of the resultant compound of Example 160A m 10 ml of dich- 
loromethane was treated with 0.73 ml (6.6 mmol) ol i-methyipiperazme The resulting solution was stirred at 
ambient temperature for 2.5 h. after which it was concentrated «n vacuo. The residue was purified by silica 
gel chromatography using 5% methanol in chloroform to provide 1.40 g (100%) of the desired compound. 
*H NMR (CDCb) 6 0.91 (d. J » 7 Hz. 3 H), 0.95 (d. J = 7 Hz. 3 H). 2 13 (m. 1 H), 2.31 (s. 3 H). 2.41 (t. J ■ 
5 Hz. 4 H). 3.43 (m, 4 H>. 3 74 (s. 3 H). 4 46 (dd. J s 9. 5 Hz. 1 H). 4 93 (br d. 1 H) 



B_ ^((i-MethyDpiperazin-^yi^arbonylhvaline Lithium Salt, 



Using the procedure of Example 165B with the resultant compound of Example 169A provided the 
so desired compound as a white sottd. 



C- 2HN-f((1-Methyl)piperazin-4.y)K^ 



53 



Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Examole 169B provided, after silica gel chromatography using 6% methanol in 
chloroform. 196 mg iS3%) ol the desired compound <R. 0 15. 7 5% methanol m chloroform) as a white 



498 
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solid, m.p. 175-176* C. Mass spectrum: (M ♦ 1)* a 729. 

Anal. Calcd for C. H, 5 N s 0* *H 2 0: C, 65.93: H. 7.83; N. 11 25 Found: C. 65.58: H. 7 70: N. 11.14. 

Example 170 



to 



A. N-((t-Butyloxy)caroonyl)-phenylaianinal. 



is 



30 



A solution of 2.8 ml (40 mmol) of dry dimethy (sulfoxide in 150 ml of dry dichloromethane was cooled 
under nitrogen atmosphere in a dry ice-chloroform bath (ca. -60' C). In a separate flask, a 2 M solution of 
8oxalyl chloride in dichloromethane (15 ml. 30 mmol) was preceded to -60* C and then added via cannula 
After 10 mm. a solution of 5 g (20 mmol) of N.((t-butyloxy)carbonyl).phenyialaninol .n 30 ml of dry 
dichloromethane was added via cannula. The resulting solution was stirred at -60 - C for 45 min and was 
subsequently treated via syringe with 11 ml (80 mmol) of dry triethylamine. After being stirred for an 
additional 15 mm at -60 C. the solution was quenched by addition of 10*. aqueous citric acid then 
immediately poured into a rapidly stirred mixture of 200 ml of 1:1 hexane:ether and 100 ml of 10% aqueous 
citric acid. The reaction flask was rinsed with ether which was added to the above mixture. The mixture was 
poured into a separatory funnel and the layers were separated. The aqueous layer was washed sequentially 
with dilute aqueous sodium bicarbonate and saturated brine, dried over MgSO.. and concentrated in vacuo 
to provide the crude desired compound. 



23 



8 2 5-Oi-(N-((t-butyloxy)carbonyl)amino)-3.4-dihydroxy1.6^1iphenylhexane. 



I 



30 



35 



SO 



In a glove bag purged with argon, a- 500 ml three-neck flask was charged with 27 g of TiCI 3 (DME) 2 
followed by 200 mi of anhydrous dimethoxyethane (DME). A separate flask was charged with 20 g of Zn-Cu 
couple and connected to one of the side necks of the three-neck flask w.th Gooch tubing. The flask was 
sealed with septa, removed from the glove bag. and outfitted under positive argon flow with an overhead 
mechanical stirrer. Under positive argon pressure. Zn-Cu was added in portions w.th vigorous stirring After 
addition, the Gooch tubing was removed and replaced with a rubber septum. Stirr.ng was continued while 
the flask was placed m an oil bath and heated to 85' C for 2.5 h. After being allowed to cool, the flask was 
placed m an .ce bath while stirring was continued, and the mixture was treated via cannula with a solution of 
the resultant compound of Example 170A (20 mmol) in 20 ml of anhydrous dimethoxyethane The progress 
of the reaction was momtered by tic. After 1 n, the reaction mixture was filtered through Celito and the 
residue was washed with ethyl acetate. The filtrate was treated w.th saturated aqueous sodium bicarbonate 
and air was bubbled through the suspension until .t became white The layers were separated, and the 
organic layer was washed with saturated brine, dried over MgSO*. and concentrated to give 3.7 g of a tight 
yellow solid. The solid was taken up m dichloromethane. treated with silica gel. and concentrated to a freely 
flowing powder. The powder was placed on the top of a silica gel column ano eluted first w»th 70 30 
hexane.ethyl acetate to bring off the more mobile product <R, 0.26, 70:30 hexane:ethyi acetate) which 
contained two diastereomers (2S.3S.4S.5S and 2S.3R.4S.5S) followed by 60:40 hexane:ethyi acetate to 
bring off the less mobile product <R, 0.10) which contained one major diastereomer (2S.3R.4R.5S). 
(2$.3R.4R.5S)-2.5-Oi-<N-ut-butyloxy)carbonyl)amino)«3.4-dihydroyy*T 6-diphenyihexane m p 200-202*C 'H 
NMR 5 t 35 is. 18 H). 2.87 (dd, J * 13, 7 Hz. 2 HI, 2.98 (dd. J s 1 3. 7 Hz. 2 H».3.4i (m. 2 H). 3 76 (br q J 
« 8 Hz. 2 H). 3.96 <m. 2 H). 4.77 (br d, J * 8 Hz. 2 H). 7.15-7.3 <m. 10 H). Mass spectrum. (M + H)* '» 
501 . 

Anal. Calcd for C ;i H. c N ; 0* *0.5H ; O: C. 65.99; H. 8.11; N. 5.50. Found: 65 96. H. 7 96. N. 5.49. 



•4 



55 



Example 171 



f2S 3R.4R.5S^2.5-Diam<no-3.4- t jihydroxy»i,6-diphenyihexane. 



499 
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10 



(2S,3a4R,5S)-2.$-DHN-<(t-buty^ ( 2.7 g, 54 

mmol) was treated with 200 ml of 6N aqueous hydrochloric acid and heated to 90 ' C until the solid had 
completely dissolved (30 min). The resulting solution was cooled, concentrated in vacuo, treated with 
saturated brine and 3N aqueous NaOH, extracted with chloroform, dried over Na2S04, and concentrated m 
vacuo. Silica gel chromatography using 3% methanol/2% isopropylamine in chloroform provided the pure 
desired compound (R» 0 40, 5% methanol/2% isopropylamine in chloroform) as a white solid, m.p. 86-89* C. 
'H NMR (COCI3) * 272 (dd. J ■ 14, 9 Hz. 2 H), 2.92 (dd. J a 14. 6 Hz, 2 H) ( 3.03 (dd. J ■ 9. 5 Hz, 2 H>, 
3.69 (s. 2 H). 7.15-7.35 (m. 10 H). Mass spectrjm: (M ♦ H)* * 301. 

Anal. Calcd for CnH 2 «N 2 CV0.25H 2 O: C. 70.91: H, 8.10: N. 9.19. Found: C. 70.52; H. 7.92; N, 8.93. 



15 



Example 172 



A. N-((Cbz*valinyl)oxy)-succinimide 



20 



25 



A suspension of 3.40 g (13.5 mmol) of Cbz-valine and 1.56 g (13.5 mmol) of N-hydroxysuccinimide in 
200 ml of dichloromethane was treated with 2 86 g (14.9 mmol) of N-ethyl-N -(dimethylaminopropyl) 
carbodiimide hydrochloride and stirred at ambient temperature for 4 h. The resulting solution was washed 
sequentially with 10% citric acid, aqueous NaHCOi. and water: dried over Na 3 SO*. and concentrated in 
vacuo to provide 4 00 g (85%) of the desired compound. 



B. (2S.3R.4R,5S)-2.5-Di-(N-(Cbz-valinyhaminoM,4-dihydroxy1,6-diphenylhexane. 



30 



35 



A solution of 28 7 mg (0.096 mmol) of the resultant compound of Example 171 in 1 ml of dioxane was 
treated with 139 mg (0 40 mmol) of the resultant compound of Example 172A and stirred at ambient 
temperature for 24 h. The resulting solution was treated with 0.5 ml of 3N NaOH. stirred for 15 min. 
extracted with two portions of 10% methanol in chloroform, dried over Na2SOi. and concentrated in vacuo. 
The residue was chromatographed on silica gel using 3% methanol in chloroform to provide 42.4 mg (56%) 
of the desired compound (R ( 0.35. 5% methanol in chloroform) as a white solid, m.p. 231-232* C. rviass 
spectrum: (M ♦ H)* » 767 

Anal. CalCd for C**H,4N«Oi •0.25H ; O: C. 68 51: H. 7 12; N. 7 26. Found: C. 68.48: H. 7.11; N. 7.12. 



Example 173 



(2S.3R.4R,5SV2.S-Di*(N-(valinyl)am(no;-3.4-dihydroxy-t ,6-diphenylhexane. 



Using the procedure of Example 71 C with the resultant compound of Example 172B provided the 
desired compound <R» 0 07. 10% methanol in chloroform) as a white solid, mo. 205-207* C Mass 
50 spectrum: (M ♦ H)" 3 499 

Anal. Calcd for C2»H <: N*0. *0.75H : O: C. 65.66: H. 8 56: N. 10.94. Found; C, 65.47; H. 7 93: N. 10 59 



Example 174 



S3 




A. N-J{4-Pyridinyt)methoxycartionyl)-valine. 
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Using the procedure of Example 160C but adding tw,ce the amount of 1M HCI provided the desired 
compound. 

5 

B.2.4-OI-(N.((4-p yrtdlnyl)methoxycar P onyl).valinyi.amino).l,S-dipheny|.3-hydro)(vpentane. 

10 p T^iT C °!T£ Und °' Examp,C 174A (060 mmo, » " as ""PW *> «"« """It** compound of 
Example 12 (60 mg. 0.22 mmol) using the procedure of Example 55 except that the reaction was allowed to 
proceed for 2 days at ambient temperature. Silica gel chromatography using methanol/chioroform provided 
the desired compound (R, 0.44. 10: 1 chlorofomvmethanol) as a white solid, m.p. 158-1 59 *C Mass 
spectrum: (M + H) ■ 741. " 

fS Anai. Calcd for C»,H S0 N t Or'0.5H 2 O: C. 65.85; H. 6.87: N. 1 1.24. Found: C. 6.78; H. 65.67; N. 11.12. 

Example 1 75 

30 

A. N»((3-Pyridinyl)methoxycarbonyl)-valine. 

n Using the procedure of Example 161B but adding t*.ce the amount of 1M HCI provided the desired 
compound. 



30 



IL g>fr-<N-((3-pyridinyl)me^ 



Using the procedure of Example 174B but replacing the resultant compound of Example 174A (0 60 
mmol) with the resultant compound of Example 175A gave, after silica gel chromatography using 
methanol/chtoroform, the desired compound (R ( 0 53. 10 I chioroform:methanol> as a white solid mp 177- 
n 178 C. Mass spectrum; (M ♦ H) » 741. 

AnaL Calcd for C*. H s: N<0> *0 5H 2 0: C. 65.85; H. 6 87. N 11.24. Found: C. 66.09; H. 6.72: N. 11.24 



45 



Example 1 76 



A. N-U2-Pyridinyl)methoyycarbonyl)«v ahoe, 

Using the procedure of Example 162B but addrng tw.ce the amount of 1M HCI provided the desired 
compound. 



50 B. 2.^0HN-{(2-pyridinynmeth^^ 

Using the procedure of Example 174B but replacing the resultant compound of Example 174A (0 60 
mmol) with the resultant compound of Example 176A gave, after silica gel chromatography using 
$5 methanol chloroform, the desired compound as a wr.ie solid, m.p. 155-156' C. Mass spectrum: (M ♦ H> 

Anal. Calcd for C< Hc : N,Or -0.5H : O: C. 65.85: H. 6 87 N. 11.24. Found: C. 65.89; H. 6.90: N. 11.24. 

501 

127 



90377452 



EP 0 402 646 A1 

Example 177 



5 2,4-DHN-(( ( 3-pyridinyl)carbon^ 

A solution of 15 mg {0 032 mmol) of the resultant compound of Example 140 and 0.01 ml (0.09 mmol) 
of 4-methylmorpholine m 2 ml of dichlbromethane was cooled to 0 # C and treated with 12 mg (0.067 mmol) 
to of nicotinyl chloride hydrochloride. The resulting solution was stirred at 0'C for 1 h. washed with aqueous 
NaHCOi. dried over Na ? SOi, and concentrated in vacuo. The residue was recrystallized from 
chloroform/ethyl acetate/hexane to afford the desired compound (R, 0.40. 10°'« methanol m chloroform) as a 
white solid, m.p. 228-230. Mass spectrum: (M ♦ H)* « 679. 



Example 178 



so 



2,5-DHN-(((3-pyndinyl)carbonyl)«valinyl)amino)-3,4-dihydroxy-l,6-diphenylhexane. 



25 



30 



Using the procedure of Example 177 with the resultant compound of Example 173 provided the desired 
compound. 



Example 179 



2.S*Di-(N-((3-pyridinyl>cart>onyl)amtno^3,4-dihydroxy-1.6-diphenylhexane. 



Using the procedure of Example 177 but replacing the resultant compound of Example 140 with the 
35 resultant compound of Example 171 provided the desired compound. 



Example ISO 



2.5*Di*(N-f(4-pyndinyl)carbonyl)amtno>*3.4<iihydfoxyO,6^iphenylhe)rane. 



9 



*5 Using the procedure of Example 177 but replacing the resultant compound of Example 140 with the 
resultant compound of Example 171 and replacing mcotmy! chloride hydrochloride with isomcotinyl chloride 
hydrochloride provided the desired compound. 



50 



Example 1 81 



35 



A. Ethyl 4($K(t'Butyioxycarbonynamino)»5-cyciohe*yi'2.2-difluoro-3fR.S)-hydroxypentanoate. 

To a suspension of i 2 g M7 nmol) of activated 2inc m 5 ml of tetrahydrofuran under argon m a 
sonicating bath was added slowly a solution of 1.7 g <6 8 mmoiei of Boc-l-cyciohexyiaianmal and 2.34 rrj 
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tc 



(18.4 mmole) of ethyl bromodifluoroacetate in 30 ml of tetrahydrofuran. After complete addition th„ solution 
was sonicated for an additional 30 min. The mixture was then added to 1 M KHSU« and extracted with 
dichloromethane (3 x 100 ml), dried with Na 2 SO.. filtered and concentrated in vacuo. The residual oil was 
purified by silica gel column chromatography (15-30% ethyl acetate in hexane) to give 1 22 q (75%) of two 
diastereomers. 

3(R) diastereomer 'H NMR (CDCI,) « 1.37 (t. 3H. J- 7 0 Hz). 1.46 (S. 9H). 4.35 (q. 2H. J -7.0 Hz); m.p. 73- 
74.5 C. 

Anal. (Cr ( H„ NO? F 2 ) C.H.N. 

3<S) diastereomer: 'H NMR (COCI3) * 1.37 (t. 3H. J»7.5 Hz). 1.45 (S. 9H). 4 31 (q. 2H. J -7.5 Hz): m.p. 
1 1 o* 117 Of 

Anal. (C*iHj,NO*F 2 ) C.H.N. 



rs 



B 2-Oxazolidinone derivative of Ethyl 4(S^amin*>5<yc'Qh 9 xy|.2.2*<3ifluor*>3(R)-hydroxypentanoate. 



20 



To 50 mg of the resultant 3(R) isomer of Example 181 A was added 1 ml of 4 M HCI in dioxane. The 
solution was stirred at ambient temperature for 30 min. The concentrated residue was dissolved in 
dichloromethane and treated with 0.1 ml of triethylamme and excess phosgene in toluene (10% solution) 
After stirring at ambient temperature for 1 hr. the m«to product was purified by silica gel column 
chromatography (10% ethyl acetate in hexane) to give 32 mg of desired compound. *H NMR <CDCI 3 > d 
1.38 <t. 3H. J»7 Hz), 4.08 (m, 1H). 4.38 (Q, 2H. J* 7 Hz). 4.58 (ddd. 1H. J* 4.5. 6.0. 15 Hz) 46 05 (br S 
1H). Anal. (Ct*H 2 NO*F 2 ) C.H.N. 



25 



£ 4<SKyclohexylmethyl«S(nH4'(4',4'*difiuoro-3 *oxo-2'-methyl«butyl)H2'Oxazolidinone. 
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35 



The hydrolysis of 2.5 g of the resu'tant compound of Example 181B by lithium hydroxide in aqueous 
methanol provided 2.3 g of the corresponding carboxyiic acid. The acid was dissolved in 40 ml of 
tetrahydrofuran and cooled to -78* C. To the vigorously stirred solution was added 18 ml ot isopropyi 
lithium solution in pentane (12.4% by wt.). After 30 mm. the solution was slowly warmed to 0'C and stirred 
for an additional 30 mm, The reaction was carefully quenched with water and extracted with ethyl acetate (3 
x 100 mIK dried and concentrated in vacuo. The crude product was purified by silica gel column 
chromatography (20% ethyl acetate in hexane) to give 1.36 g of desired product, h NMR (CDCii) d 1.20 (t. 
6K J =6.3 Hz). 3.17 <d of heptet, IH, J = 1.8. 6.6 Hzi. 4.06 (m. 1H). 4 62 <ddd. iH J*4 5 6 0 20 4 Hz) 
5.63 <br S. IH). Anal {C.»H 23 NOiF 2 ) C.H.N. 



40 D. Qytme derivative of 4(SKyclohexylmethyl-5(RH4(4 .4 -difiuoro»3 W2-metnyi-butyl)}-2-oxazolidinone. 

To a solution of 1.2 g of the resultant compound of Example 181C m 20 ml of ethanol was added 0.55 
ml of oyndine and then 410 mg of hydroxyamine hydrochloride. The solution was heated to reflux for 5.5 
45 hrs. The solvent was removed in vacuo and the crude product was purified by silica gel column 
chromatography (10% EtOAcCH 2 CI 2 ) to give 1.12 g of desired product. Mass soectrum; M* =318. 



so 



£ 4(ShCyc)ohexyimethyl'5<RH4'(4'.4'-difluoro-3 -amino-2»methyl-butyl))'2'OMazolidinone 



To a solution of 1.1 g of the resultant compound of Example 1810 in 40 ml of ethanol was added 0.5 g 
of acttvated Raney mckei. The reaction mixture was stirred vigorously under a hydrogen atmosphere for 2 
h. The catalyst was filtered off and the filtrate concentrated to a oily residue. The crude product was purified 
55 by s.i'ca gel^ column chromatography (10% EtOAcCH ; Ci : > to give 550 mg of desired product. Mass 
soectrum. M* * 304 
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F 3,6-Diamino-7*cyclohexyl»5«hydroxy4,4-difluorO'2"methylheptane. 



To a solution of 150 mg of the resultant compound of Example 181 E in 10 ml of dioxane and 10 ml of 
water was added 325 mg of barium hydroxide octahydrate. The reaction mixture was heated to reflux for 
0.3 hrs. The suspension was cooled to ambient temperature and filtered and the solid was washed with 
ethyl acetate. The filtrate was washed with satd. brine and the aqueous phase was extracted with ethyl 
acetate (2 x 50 mi) The combined ethyl acetate sotution was dried, filtered and concentrated to provide 130 
mg of the desired product. Mass spectrum: M* «278. 



Example 182 



fS 



3«6»Bis*<Cbz»valinyl«am)no)«7-cyclohexyl*5*hydroxy-4.4'difluoro«2«methylheptane. 



To a solution of 130 ml of the resultant compound of Example 181F in 10 ml of dimethylformamide was 
20 added at 0*C successively 230 mg of Cbz-valine. 220 mg of N-ethyl-N -(dimethylaminopropyl) car- 
bodiimide hydrochloride. 400 mg of 1 -hydroxy benzotriazole and 0.16 ml of triethylamine. The solution was 
stirred at 0*C for 3 hrs and at ambient temperature for 12 hrs The dimethylformamide was removed under 
vacuum and the residue was dissolved in 50 ml of ethyl acetate and washed with saturated, brine. The 
aqueous layer was extracted with ethyl acetate (2 x 50 ml) and dried, filtered and concentrated. The crude 
25 product was purified by silica gel column chromatography (2% MeOH/CH 2 Cl2) to give 220 mg of the 
desired compound (64%). Mass spectrum: <M«-H)* *745. *H NMR (CCCIj) d 0.78-0.90 <m. 18H). 3.60 (m. 
1H). 3.85 <m. 1H), 4.00 <m. 1H>. 4.40 (m. 1H). 4.55 <m. 1H), 5.03 (S. 4H), 5.78 (d. 1H), 7 25-7.36 (m, 10H), 
7.69 <d. 1H). 



30 



Example 183 



3.6*Bts-<Cb2-valinyl-amino)-7-cyclohexyl-5'Qyo-4,4-difiuoro-2'methylheptane. 



50 



ss 



A solution of oxidant was prepared as follows: to 392 mg of sulfuric acid was added 5 ml of acetic ac»d 
and 298 mg of sodium dichromate. To a solution of 150 mg of the resultant compound of Exampie 182 m 
10 ml of acetic acid was added 2 ml of the oxidant. After stirring at ambient temperature for i hr. the acetic 
acid was removed under vacuum and the residue was dissolved in 50 ml of ethyl acetate and washed with 
30 mf of water. The aqueous layer was extracted with ethyl acetate (2 x 40 mi) and the combined ethyl 
acetate solution was dried, filtered and concentrated. The crude product was purified by silica gel column 
chromatography (t0°'« EtOAcCH 2 Cl2) to give 120 mg of the desired compound (80°'oi. Mass spectrum: 
<M*H) # *743. 'H NMR {CDCI3): d 0.85-0.98 (m. 18H). 3.90-4.02 (m. 2H). 460 (m. 1H), 5 35 (br d. 1H), 6.10 
(br d. 1H), 6.20 (br d. 1H). 7.35 <m. 10H). 



Example 184 



3.6-B'S-fCb7'0-methyl-serinyi-amino)-7<yclohexyi'5»hydfOyv"4,4»d)fluo^o-2*methYiHoDtane. 



To a solution of 90 mg of the resultant compound of Example 1 81 F m ? mi of dimethylformamide was 
added at 0*C 164 mg of Cb2-0-m9thyi-sertne. 160 mg of N-sthyi-N -(dime^v'amir.oo'OoyO carbodnrmde 
hydrochloride. 280 mg of 1 -hydroxybenzotnazoie and 0.11 ml of tnethylamme The s^'ution was stirred at 
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20 



25 



50 



35 



0 C for 3 hrs. then at ambient temperature for 19 hrs. The DMF was removed under vacu..* and the 
residue was dissolved in 50 ml of ethyl acetate and washed with satd. NaHC0 3 . then brine The aqueous 
layer was extracted with EtOAc (2 x 50 ml) and dried, filtered and concentrated. The crude product was 
purified by silica gel column chromatography (82%) of the desired compound. Mass spectrum- (M + H)- 



Example 185 



10 



3.6-Bts-(Cbz^methylserinyi-am^ 

is The resultant compound of Example 184 (60 mg) was oxidized using the procedure of Example 183 to 
give 40 mg of desired product. Mass spectrum: (M + H) - 747. 



Example 188 



3,8"Bis-(acetyl-0»methylserinyl-amino)-7<yclohexyl-5-hydroxy*4,4*difluoro-2-methylheptane. 



A solution was 50 mg of the resultant compound of Example 185 and 20 mg of 10% Pd/C was stirred 
vigorously under a hydrogen atmosphere. After 30 minutes, the catalyst was filtered off and the filtrate 
concentrated to give a colorless oil. which was dissolved in 2 ml of CHjCl? The solution was cooled to 
0 C, 0.03 ml of triethylamine and 0.01 ml of acetyl chloride were added. After 2 hrs. the solution was 
30 concentrated and the crude product purified by silica gel column chromatography (5% MeOHCH 2 CI 2 ) to 
give 16 mg of the desired compound. Mass spectrum: (M ♦ H)" *565. 



Example 187 



Glycine Ester of 2,4-Bis~(Cbz-valinyl-aminoH 5-diphenyj-3-hydroxypenta*e Acetate Salt. 

Using the procedure of Example 95 with the resultant compound of E*ar*c ( e 70 provided the desired 
compound. 

Example 188 



25-Ot-fN-r(t'butyioxy)carbonyi)arrjPo)-3,4-dihydroxy-l.6-di-(4-thiazoiyi)hexane. 

Using the procedures of Example 170A and Example 170B but replacing N-((t-butyloxy)carbonyl)- 
phenyfaianinol with N-((t-butyiOf.y)carDonyiH4-miazolyi)-alaninol provided the desired compound. 

Example 189 
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A. Benzyl 2«(i -morpholinyhacetate. 



20 



A solution of 1.5 ml (17 mmol) of morpholine in 40 ml of dichioromethane was treated with 1 ml (6 3 
mmol) of benzyl 2-bromoacetate. The resulting solution was stirred at ambient temperature for 16 h. The 
resulting solution was filtered and concentrated in vacuo. The residue was purified by silica gel chromatog- 
raphy using 3:1 chloroform :ethyl acetate to provide 1.35 g (91%) of the desired compound. *H NMR 
(CDCb) 5 2.59 (m, 4 H>. 3.27 (s. 2 H>. 3.77 <m, 4 H). 5 1 7 (s. 2 H), 7.3-7.4 (m. 5 H) 



to 



8. 2-(1-Morpholinyi)acetic Acid. 



Using the procedure of Example 163B with the resultant compound of Example 189A provided the 
rs desired compound. 

C. 2.5-OHN>((2*(l-morpholinyl)acetyl)-valinyi)amino)-3.4-dihydroxy-l,6*diphenyihexane. 



The resultant compound of Example 189B was coupled to the resultant compound of Example 173 
using the coupling procedure of Example 55 provided, after silica gel chromatography using a gradient of 3- 
5% methanol in chloroform, the desired compound (R. 0 31. 10% methanol in chloroform). 



Example 190 



30 A. Benzyl 2-(1-lmidazolyl)acetate. 

A solution of 1.4 g (21 mmol) of imidazole and 1 0 ml (6.3 mmol) of benzyl 2-bromoacetate in 40 ml of 
dichloromethane was stirred at ambient temperature for 16 h. The resulting solution was washed with water, 
35 dried over Na 2 S04. and concentrated in vacuo. Silica gel chromotography of the residue using 5% 
methanol in chloroform provided 1.22 g (89%) of the desired compound as an oil. H NMR (COCh) 6 4 S3 
(s. 2 H). 5.21 (s. 2 H). 6.96 (t. J » 1 Hz. 1 H), 7.11 (t. J = 1 Hz. 1 H>. 7 36 (m, 5 H). 7 51 (br s. 1 H) 

40 B_ 2-(Hmidazoiyt)acetic Acid 

The resultant compound of Example 190A was hydrogenolyzed according to the procedure of Example 
1633 except that water was added prior to filtration to solubilize the product. Removal of the solvent after 
*s filtration provided the desired compound. 

C. 2.5-Di-(N-((2Ml-imidazolyl)ac^^ 

so 

The resultant compound of Example 190B was coupled to the resultant compound of Example 173 
using the carbodiimide coupling procedure described in Example 55 to give a crude mixture in which the 
product was soluble. The mixture was diluted with ethyl acetate, filtered, and the solid was washed 
sequentially with water and ethyl acetate. The residue was air-dried to provide the desired compound m 
55 40% yield. 
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A. 1 ■(2«BromohexanoylH-methyipipei aiine. 

Using the mixed anhydride procedure of Example 6F. 2-bromohexanolc acid was coupled to 1- 
methylpiperazine provide the desired compound. 

B. 2,5-DHN-((2-(4-methylpipera*^^^ 



Using the procedure of Example 159A but replacing the resultant compound of Example 11 6 A with the 
rs resultant compound of Example 191 A and replacing O-benzylhydroxylamine hydrochloride with the resultant 
compound of Example 171 provided the desired compound. 



20 



25 



Example 192 



2.5*Di*<N-(2*methoxycarbonyl-3-phenylprop«l-yl)amino^3,4Klihydroxy«i,6*diphenylhexane. 



Using the procedure of Example 159A but replacing Obenzyfhydroxylamine hydrochloride with the 
resultant compound of Example 1 71 provided the desired compound. 



30 



Example 193 



35 



A. 4»(2-(Ben2yloxycarbonyt)"3«methylprop*l-yi)-l,l»dioxo^l,4*thia2ine. 



40 



According to the method of Kawaguchi. et. a), {Agric. Biol. Chem. 1967, 5/. 435), 3-sulfolene was 
ozonolyzed and aminated with L-valine ben2yl ester p*toiuenesulfonate to provide the desired compound. 



B. 4-<2-Carboxy-3-methy Iprop- 1 -yt)-t , 1 -dioxo-1 ,4-thiazine. 



The resultant compound of Example 193A was hydrogenoiyzed according to the procedure of Example 
45 163B to provide the desired compound. 



C. 2,5-Oi-(N-(2-(l ,l-dioxothiazin-4*ylV3-methylbutanoyHamino)«3.4-dihydroxy«l,6*diphenylhexane. 



50 



The resultant compound of Example 193B was coupled to the resultant compound of Example 171 
using the coupling procedure described in Example 160D to provide the desired compound. 



55 
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10 



A. Benzyl 2-(1-morphoiinyl)acetate. 

A solution of 1.5 ml (17 mmol) of morpholine in 40 ml of dichiorometharie was treated with i ml (6.3 
mmol) of benzyl 2-bromoacetate. The resulting solution was stirred at ambient temperature for 16 h. The 
resulting solution was filtered and concentrated in vacuo. The residue was purified by silica gel chromatog- 
raphy using 3:1 chloroform :ethy I acetate to provide 135 g (91%) of the desired compound 'H NMR 
(CDCla) « 2.59 (m. 4 H), 3.27 (s. 2 H), 3.77 (m. 4 H). 5.17 (s. 2 H). 7.3-7.4 (m. 5 H). 

B. 2*(1 -Morpholinyl)acetic Acid. 



rs 



Using the procedure of Example 1638 with the resultant compound of Example 189A provided the 
desired compound. 



20 



2S 



C. 2,5-DHN-((2-(1-morpholiny!^ 

The resultant compound of Example 189B was coupled to the resultant compound of Example 173 
using the coupling procedure of Example 55 provided, after silica gel chromatography using a gradient of 3- 
5% methanol in chloroform, the desired compound (R f 0.31. 10% methanol in chloroform). 

Example 190 



30 



A. Benzyl 2-(1-lmidazolyl)acetate. 

A solution of 1.4 g (21 mmol) of imidazole and 1.0 ml (6.3 mmol) of benzyl 2-bromoacetate in 40 ml of 
dichloromethane was stirred at ambient temperature for 16 h. The resulting solution was washed with water, 
dried over NajSO*. and concentrated in vacuo. Silica gel chromotography of the residue using 5% 
methanol in chloroform provided 1.22 g (89%) of the desired compound as an oil. 'H NMR (CDCli) * 4.73 
<S. 2 H). 5.21 (S. 2 H). 6.96 (t, J * 1 Hz. 1 H), 7.1 1 (t. J = 1 Hz. 1 H), 7 36 (m, 5 H). 7.51 (br s. 1 H). 



B. 2*(1-lmidazolyl)acetic Acid 



The resultant compound of Example 190A was hydrogenolyzed according to the procedure of Example 
163B except that water was added prior to filtration to soiubilize the product. Removal of the solvent after 
45 filtration provided the desired compound. 



so 



55 



C. 2.5-OHN-((2-( 1 ■imidazoiyl)acetyl)-valinyl-amino)-l .5-diphenyl-3.4-dihydroxypentane. 

The resultant compound of Example 190B was coupled to the resultant compound of Example 173 
using the carboditmide coupling procedure described in Example 55 to give a crude mixture in which the 
product was soluble. The mixture was diluted with ethyl acetate, filtered, and the solid was washed 
sequentially with wat*r anj ethyl acetate. The residue was air-dried to provide the desired compound in 
40% yield. 



506 
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O'C for 3 hrs. then at ambient temperature tor 19 hrs. The OMF was removed under vacm-m and the 
residue was dissolved in 50 ml o« ethyl acetate and washed w.th satd. NaHC0 3 . then brine. The aqueous 
layer was extracted with EtOAc <2 x 50 ml) and dried, filtered and concentrated. The crude product was 
purified by silica gel column chromatography (62".) of the desired compound. Mass spectrum- (M*Hy- 



WO* 



to 



Example 185 



3.6-Bis-(Cb2-0-methylserinyl-aminoK^ 

f5 The resultant compound of Example 184 (60 mg) was oxidized using the procedure of Example 183 to 
give 40 mg of desired product Mass spectrum: (M + H) ■ 747. 



20 



30 



40 



45 



SO 



55 



Example 166 



3.8-Bis-(acetyl-0-methylserinyl-am^ 

A solution was 50 mg of the resultant compound of Example 185 and 20 mg of 10% Pd/C was stirred 
vigorously under a hydrogen atmosphere. After 30 minutes, the catalyst was filtered off and the filtrate 
concentrated to give a colorless oil. which was dissolved in 2 ml of CH 2 CI 2 . The solution was cooled to 
0 C. 0.03 ml of triethylamine and 0.01 ml of acetyl chloride were added. After 2 hrs. the solution was 
concentrated and the crude product purified by silica gel column chromatography (5% MeOH'CH 2 C1 2 ) to 
give 18 mg of the desired compound. Mass spectrum: (M ♦ H)* * 565 

Example 187 



Glycine Ester of 2.4-Bis-(Cbz»valinyl-aminoH 5-diphenyi*3-hydroxypentane Acetate Salt. 



Using the procedure of Example 95 with the resultant compound of Example 70 provided the desired 
compound. 



Example 188 



2,5-Oh N-«t-t>uty ipx y K:arbonyi)amino)-3.4-dthydroxy- 1 ,6-di-(4-thia*olyl)hexane. 



Using the procedures of Example 170A and Example 170B but replacing Nw(t-butyloxy)carbonyi)- 
phenylalanine with N-((t-butyioxyjcartXDnyiH4-thia20lyi)-alaninoi provided the desired compound. 
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3.6"Diamino-7<yclohexyl-5*hydfOxy*4.4»difluoro-2-methylheptane, 



to 



00 



50 



I 55 



To a solution of 150 mg of the resultant compound of Example 181 E in 10 ml of dloxane and 10 ml of 
water was added 325 mg of barium hydroxide octahydrate. The reaction mixture was heated to reflux for 
0.3 hrs. The suspension was cooled to ambient temperature and filtered and the solid was washed with 
ethyl acetate. The filtrate was washed with satd. brine and the aqueous phase was extracted with ethyl 
acetate (2 x 50 ml). The combined ethyl acetate solution was dried, filtered and concentrated to provide 130 
mg of the desired product. Mass spectrum: M* »278. 



Example 182 



3 t 6*Bis»(Cb2«vannyi-amino)-7-cyclohexyl-5-hydroxy»4.4«difluoro-2«methylheptane. 



To a solution of 130 ml of the resultant compound of Example 181 F in 10 ml of dlmethylformamide was 
20 added at 0*0 successively 230 mg of Cbz-vaiine. 220 mg of N-ethyl-N'-(dimethylammopropyl) car- 
bodllmide hydrochloride. 400 mg of 1-hydroxybenzotriazole and 0.16 ml of triethylamine. The solution was 
stirred at 0"C for 3 hrs and at ambient temperature for 12 hrs. The dimethylformamide was removed under 
vacuum and the residue was dissolved in 50 ml of ethyl acetate and washed with saturated, brine. The 
aqueous layer was extracted with ethyl acetate (2 x 50 ml) and dried, filtered and concentrated. The crude 
25 product was purified by silica gel column chromatography (2% MeOH/CH 2 CI 2 ) to give 220 mg of the 
desired compound (64%). Mass spectrum: (M + H)* »745. *H NMR (CDClj) d 0.78-0.90 (m. 18H). 3.60 (m. 
1H), 3.85 (m. 1H), 4.00 (m. 1H), 4.40 (m. 1H). 4.55 (m. 1H). 5.03 (S. 4H), 5.78 (d. 1H). 7.25-7,36 (rrv 10H). 
7.69 (d, 1H). 



Example 183 



n 3.6-B«s-(Cbz-valinyi»amino)-7-cyclohexyl»5-oxo-4.4*diftuoro-2»methyiheptane. 

A solution of oxidant was prepared as follows: to 392 mg of sulfuric add was added 5 ml of acetic acid 
and 298 mg of sodium dichromate. To a solution of 150 mg of the resultant compound of Example 182 in 

40 10 ml of acetic acid was added 2 ml of the oxidant. After stirring at ambient temperature for 1 hr. the acetic 
acid was removed under vacuum and the residue was dissolved in 50 ml of ethyl acetate and washed with 
30 ml of water. The aqueous layer was extracted with ethyl acetate (2 x 40 ml) and the combined ethyl 
acetate solution was dried, filtered and concentrated. The crude product was purified by silica gel column 
chromatography (10% EtOAc CH^) to give 120 mg of the desired compourd (80%). Mass spectrum: 

45 (M + H)* ■ 743. 'H NMR (CDCI 5 ): d 0.85-0.98 (m. 18H), 3.90-4.02 (m. 2H), 460 <m, 1H). 5 35 (br d, 1H). 6.10 
(br d. 1H). 6.20 (br d. 1H), 7.35 (m. 10H). 



Example 184 



3.6-8is-(Cb2*0-methyi*serinyi-amino)*7-cyclohexyl*5*hydfoxy»4,4*difiuoro»2-rnethylheptane. 



To a solution of 90 mg of the resultant compound of Example 1 81 F m 7 ml of dimethylformamide *as 
added at 0*C 164 mg of Cbz-0-methyi-senne. t60 mg of N-ethyi-N -(dimethyiammoorooyi) carbodumtde 
hydrochloride. 280 mg of 1-hydroxybenzotriazole and 0,1 1 ml of tnethyiamme. The solution was stirred at 
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A. 4-(2-(BenzyloxycarbonyQ-3-methylpropM-yl)morpholine. 

According to the method of Kawaguchi. et. al. {Agric Biol Chem, 1937. SI 435). 2.5-dihydrofuran was 
s ozonolyzed and aminated with L-vaiine benzyl ester p-toluenesuifonate to provide the desired compound. 

B. 4-(2-Carboxy-3-methylprop»l -yl)morpholine. 



to 



The resultant compound of Example 194A was hydrogenoiyzed according to the procedure of Example 
163B to provide the desired compound. 

f5 C. 2,5'DKN-(2-(morphoiin>4-yi).3-methylbutanoyl)amino)0,4«dihydroxy>1,6*diphenylhexane. 

The resultant compound of Example 194B was coupled to the resultant compound of Example t7i 
using the coupling procedure described in Example 160D to provide the desired compound. 



20 



30 



55 



Example 195 



2.5-Di-(2-( 1 , 1 ■dioxothiazin-4>yi)-3,4-dihydro>f y- 1 .6-diphenylhexane. 

According to the method of Kawaguchi. et. al. (Agric. Biol. Chem. 1987, 5/. 435>. 3-sulfolene was 
ozonolyzed and aminated with the resultant compound of Example 171 to provide the desired compound. 

Example 196 



35 



A. N. N-Bis-(Cbz-valinylH2S. 3R. 4R, 5S)- 1 .2:5,6^Hmino-3.4-0-isopropyltdenehexaned 



iol 



*o A solution of (2S.3R.4R.5S)-t.2:5.6-diimino-3.4-0-isopropyiidenehexanediol (2.72 g. 12.7 mmol. Y.L 
Merrer, et al. Heterocycles. 1987. 25, 541-548)) and 3.51 g (14 mmol) of N-Cbz-vaiine in 30 mL of dry THF 
was cooled in an ice bath. To the cooled solution was added 2.684 g (14 mmol) of 1-(3- 
dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride, followed by 1.95 mL (14 mmol) of tnethylamine. 
The reaction mixture was stirred overnight in the ice bath, The reaction temperature was 10 # C when the 

45 reaction mixture was diluted with ethyl acetate, washed with dilute aqueous sodium bicarbonate solution and 
brine and dried over anhydrous magnesium sulfate. The solution was filtered and concentrated under 
reduced pressure. The residue was purified by flash chromatography on a 5 X 30 cm silica gel column 
eluted with 50% ethyl acetate m hexane to give 1.20 g (26.3% yield) of the title compound: FAB MS IvVZ 
651 (M ♦ H) ; 'H NMR (CDCh) * 0 96 (C. 6H), 1.03 <d. 6H>, 1 33 (s. 6H). 2.15-2 28 (m. 2H), 2.48 <d. 2H). 2.58 

so (d. 2H). 2 74 (br s. 2H). 3 89 (br s. 2H), 4 27 (dd. 2H), 5.09 (s. 4H), 7.30-7.40 (m. 10H). Analysis calculated 
for CmH m N«Oi: C. 64 62. H. 7 08: N. 8 62. Found: C. 64.35; H. 707; N. 8.41. 



8. N, N-8is-{Cb2-valinylH2R. 3R. 4R, 5R)-1 .6-bis(phenylthio)'2.5-diamino-3,4>Q-isopropylidenehexanediol 

To a slurry of 22.5 mg (0 564 mmol) of 60% sodium hydndo m 1 mL of THF cooled m an ice bath, was 
added 87 uL (0.848 mmol) of thiophenol. The mature was stirred for 0.5 h and then a solution of 92 mg 
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2LU t ' ^P 01 "* 01 Example 196A in 2.0 mL of OMF was added to «ie mixture at 
ambient empcraum The reaction mixture was stirred at ambient temperature overnight and 12 diluted 
with ethyl acetate and water. The aqueous mixture wa, extracted with ethyl acetate. Th? organic phast wat 
concentrated under reduced pressure. The residue was purified by flash chromatography on M S X i cm 

FAB MS M/Z. 871 (M + H) ; H NMR COClj) i 0.89 (d. 8H). 0.96 (d. 6H). 1 32 (s 6H> 2 10-2 21 im 9ul 

l^ZZ^:^ 3 " *"• m ** "* "* 40 "» »• 2H| ' 4 " «• » « *™ 

C. N,N-Bis-(Cbz-valinyl)-(2R. 3R. 4R. SR)-1.6-bis(phenyithio>.2,S^iamino.3.4.hexanedlol 

A solution of the resultant compound of Example 196B (55 mg. 0.083 mmol) in 2.0 mL of trifiuoroacetic 
ZZZZZV , mL of water at o c -as stirred lor 4 h The soiven, wa, evaporated under reduced 
pressure and ethyl alcohol was added to the residue. The ethanol was removed under reduced pressure 
and the residue was purified by flash chromatography on a i 0 X 35 cm silica gel column eluted with 40% 
methylene chlonde m ethyl acetate to give 38 mg (73% y.eid)ol the title compound: FAB MS M Z 831 
(M ♦ H) ; H NMR (COCI,) i 0.89 (d. 6H). 0.97 <d. 6H>. 2 .10-2 .20 (m. 2H). 3.08-3.20 (m. 2H) 3 66 (br s 2H1 

V ? r N 5 n? 'SIT 2H) - 5 U (S " 4HK 7 ,2 ' 7 29 ,m 8H »- 7 30 - 7 40 '2H, Ana,y is equ ated S 
CHjiN.O.Sj: C. 83.61: H. G 50: N. 6.75. Found: C. 63 61: H. 6 57; N. 6 69. 



Example 197 

2.5-di-(N-(Cbz-isoleucinyl)amino)-3.4-diriydroKvT 6-diphenyihexane . 

A mixture of 10 mg (0.033 mmol) of the resultant compound 0 « Example 171 and 38 6 mg (0 10 mmol) 
of Cbz-isoleuc.ne o-n,trophenyl ester in 0.2 ml of tetrahydrofuran was stirred at amb«ent temperature for 21 
h. The resulting misture was diluted with 1 ml of tetrahydrofuran. treated w,th 0 5 mi of 3N NaOH stirred for 
45 m.n. extracted with chloroform, washed sequentially w.tn 3N NaOH and saturated brine dried over 
MgSO«.and concentrated. The residue was purified on s.nca get by e»utmg with 2% methanol m chloroform 
to provide 23 mg (86%) of the desired compound. Mass spectrum <M ♦ h>* ■ 795 

Example 198 

2.5-Di-(N-(Cbz-alaninyl)amino)-3.4-dihydroxyl.6-diphenyihexane. 

Using the procedure of Example 197 but replacing Cbz-isoleucme p-nitrophenyl ester with Cbz- 
aianinyloxy-succinimide provided the desired compound Mass spectrum: (M ♦ H)* * 71 1. 

Example 199 

2.5-Oi-iN-(C^-phenylalaninyl)aminoi-3.4-dihyrjroxy-l,6-diphenylhex ane. 

Using the procedure of Example 197 but replacing Cbz-soieuc.ne p-mtrophenyl ester with Cbz- 
pnenylalanme p-mtrophenyl ester provided the desired compound. Mass spectrum: (Ivt ♦ H)* = 863. 
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Example 200 



to 



2.S-0HN.(Cbz-leucin v l)amino).3.4^ihydroxy • 1 .6-diphenylhexane. 

Using the procedure o« Example 197 but replacing Cbz-isoieucine p-mtrophenyl ester with Cb 2 .i- uein « 
p-n.trophenyi ester provided the desired compound. Mass spectrum: (M ♦ H° . 795 c «».ieoan. 



rs 



Example 201 



* N-((Benzylpxycarbonyl)methyl)-valine Methyl Ester. 



A solution of 2.12 g (12.6 mmol) of L-valine methyl ester hydrochlor.de. 2.0 ml (12 6 mmol) c< benzvl 
bromoacetate. and 3J ml ,31 mmol) of 4-memy.morpho.ine in .00 ml of dioxane w„ he ted at efL for 4 
LJ t0 C0 °V he S °' U,i0n WM « C uo and partmoned between "ZV* 

T ^ IT V6r W " dn6d ° Vef M9S ° 4 and concentrated .n vacuo. Chromatography on s..ica gel 
S3 9 W JST *T- "I" 6 * 3 " 9 077 * (22% » <* compound 2 * o,or.es a. £ 

?'m fr£,? ? ou 9 eXane> HNMR 4 095 (d - J " 7 Hz - 6 H > 1 96 <*• 1 H). 1.98 (octet J - 7 Hz 
1 H). 3.08 (d. J » 6 Hz. 1 H). 3.43 (AA . 2 H). 3.71 (s. 3 H). 5.16 IS. 2 H). 7 36 (m S H, 



30 



35 



SO 

E. 



B_ N-(Carboxymethyl)-valine Methyl Ester. 

.JO? reS , U ? nt C ? mpoun<1 °' Exam P' e 201A «> 7 9- 2-5 mmo.) was hydrogenolyzed according to the 
procedure of Example to provide 0.49 g (100%) of the des.red compound as a white solid. 

£ N-((((4-Methyi)piperazmyi)carbonyl)methyi>-valine Methyl Ester. 

t46?Ta TL C ^ m,(Se C0U ?1° 9 pfOC9<3Ufe °' Examp,e the re8u ' ,an, com *>«« <* Example 2018 
(466 mg. 2.48 mmol) was coupled to i -methyimorpholine to prov.de. after chromatography on silica oel 
us.ng 5% methanol in chloroform. 0 61 g (91%, of the des.red compound as a color** o," 

0. N-((((4-MethyDpiperazinyl)carbonyl)methyi)-valin e. 

*JL?*TL? {ZZ mm0,) °' ,he r9SU,,an, com P° u " d <* E"amp,e 201C ,n 16 ml of dioxane was 

l!S?.7 * T°" °' ° 5M aque0uS " thlum The resulting solution was st.rred at 

ambienuemperature for 16 h. treated w.th 4.4 ml of 1M aoueous HCI. and concentrated in vacuo to prov.de 
the crude desired compound. m>uviob 

t.5-Oiphenyl0.hydroxy.2-(N-(Cbz.val ^ 

OAnlano 



pentane. 

ss 



n , e lT U £lr mP °T a ° Examp ' e 2010 (8 ° mg> 021 mmo,) was COu <" ed 10 »• f «""ant compound 
o Example 69 (89 mg. 0.18 mmol) according to the procedure descnbed .n Example 55 to prov.de after 
S.l.ca gel chromatography us.ng 6% methanol in chloroform, the des.red compound (R, 0.16 7 5% methanol 
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in chloroform) as a white solid, m.p. 74-76 *C. Mass spectrum: <M ♦ H)* ■ 743 

Anal. Calcd. foi C. 2 H„N s O s '0.5H 3 O: C. 67.09; H. 7.91; N. 11.18. Found: C. 67.16; H. 7.86: N. 10 87. 



Example 202 



10 



A. Methyl 3-(4»Morpholinyl)propanoate. 



A solution of 4 9 mi ,56 mmol) of morpholine in 50 m: of dichloromethane was treated dropw.se w.th 5 o 
mi (56 mmol) of methyl acryiate. The resulting solution was allowed to stand at ambient temperature for 3 
days, after wh.ch ,t was concentrated in vacuo to an oil. Chromatography on silica gel using 0 5% 
rs methanol 2-. .sooropyiam.ne in chloroform provided 9.54 g (99%> of the desired compound as a colorless 

fiQUtd. 



20 



B. 3«(4-Morpholinyl)propanotc Acid. 



A soiut.cn of the resultant compound of Example 202A (8.35 g. 48.3 mmol) in 60 ml of dioxane was 
treated with 40 ml of water and 19.3 ml (58 mmol) of 3N aqueous NaOH. After being stirred for 4 h the 
solution was treated with 58 ml (58 mmol) of IN aqueous HCI and concentrated in vacuo to provide the 
25 crude desired compound. 



30 



as 



C. (2S.3R.4R,5S)-3.4.Qihydro xy.2^^^ 

The resultant compound of Example 202B (0.84 mmol) was coupled to the resultant compound of 
Example 173 (0.214 mmol) according to the procedure described in Example 55 to provide after silica gel 
Chromatography using 5% methanol in chloroform. lOi.S mg (61%) of the desired compound (R, 0.17 10% 
methanol in chloroform) as a white solid, m p, 243-245' C (dec). Mass spectrum: (M ♦ H> # « 781 
Anal. Calcd. for C. : H;«N4 0i*H 2 0: C, 63.14; H, 8 33. N. 10 52. Found: C. 63.20; H, 8 16 N 11 21 



Example 203 



45 



50 



<2S.3R.4R,SS)Q.4*0.hydro»y-2.5^HNM^ 

3-Pyridylacet.c acd hydrochloride (117 mg, 0.68 mmol) was coupled to the resultant compound of 
Example 173 (ii3 mg. 0.226 mmol) according to the procedure described in Example 55 to provide, after 
silica gel chromatography using 10% methanol tn chloroform, the desired compound (R, 0.16. 10% 
methanol in chloroform). Mass spectrum: (M ♦ H)* * 737. 



Example 204 



55 



(2S.3S.4S 5S)- and f2S.3R.49.5S)-2.S-Diamino-3,4-dihydroxy1.6-diphenylhexane. 



Using the procedure of Example 171 w.th the more mobile m.xture of compounds of Example i7 



OB 



511 



137 

90377452 



EP 0 402 648 A1 



provided a mixture of diamines which were separated by - silica gel chromatography u*ng 2% 
isopropylamine in chloroform containing sequential amounts of 1%. 2% and 5% methanol. 
(aS.aS^S.SS^.S-Diamino O.^ihydroxyO.e-diphenylhe^ane R, 0.40 (5% methanol/2% isopropylamine in 
Chloroform), ! H NMR (CDCIj) * 4.63 <dd, J - 14, 11 Hz. 2 H). 2.85 (dc», J ■ 14, 4 Hz 2 H> 3 80 (dt J • 
1 1. 4 Hz, 2 H), 3.92 (d, J ■ 3 Hz, 2 H), 7,2-7.4 <m. 10 H). 

(29,3R,4S.S3 h2.frDiamino>14-dihydroxyM,6-diphenylhftxane : R, 0.23 (5% methanol^ isopropylamine in 
chloroform), m.p. 115-119 C. H NMR <CDCI 3 > * 2.46 (dd. J » 14. 9 Hz, 1 H), 2.61 (dd. J * 14 n Hz 1 
H) ( 3.02 <td, J - 9. 3 Hz. 1 H), 3.19 (dd. J * 14, 4 Hz. 1 H), 3 35-3.4 <m, 2 H), 3.51 <t. J » 9 Hz 1 Hi 3 78 
(dd. J » 9. 3 Hz. 1 H), 7 2-7 4 (m. 10 H). 



to 



Example 205 



rs 



30 



(2S.3S.4S,5S)-2.5-OHN-((t-butyto^ 



A solution of 15 mg (0.05 mmol) of (2S,3S.4S.5S)-2.5^iamino-3.4<lihydroxy.1.6-diphenylhexane in 0.5 
20 ml of dichloromethane was treated with 24 mg (0.11 mmol) of di-t-butyldicarbonate and stirred at ambient 
temperature. After 16 h. the solution was concentrated m vacuo, and the residue was purified by silica gel 
chromatography using 30% ethyl acetate in hexane to provide 17 mg (68%) of the desired compound m p 
216-218 C. <H NMR 6 1.40 (s. 18 H), 2 97 (dd. J * 14. 5 Hz. 2 H). 3.20 (dd. J = 14, 5 Hz 2 H) 322 '<m 2 
H) ; 4.03 (m, 2 H), 4,35 (d. J - 5 Hz. 2 H), 4,41 (d, J « 9 Hz. 2 H), 7.2-7 3 (m. 10 H) Mass spectrum: (M + 
25 H) ■ 501. 



Example 206 



(2S.3R.4S,5S)-2.5-Di-(N-((t-butyloxy)carbonyl)amino)-3.4<|ihydroxy»i,6-diphenythexane. 



39 Using the procedure of Example 205 with (2S.3S.4S.5S)-2.5-diamtno-3.4KJihydroxy-l.6-diphenylhexane 
provided the desired compound (R, 0.32. 30% ethyl acetate m hexane). as a white solid, m.p. 208-212* C 
'H NMR 5 1.33 (s, 9 H). 1.40 (s. 9 H). 2.67 (m. t H). 2.75-2 95 (m. 6 H), 3.47 (m. 2 H). 4.14 ( m, 2 H) 4 58 
(m. 1 H). 4.83 (br d. 1 H). 4.93 (br d. 1 H). 7.15-7.3 (m. 10 H) 



Example 207 



(2S.3R.4R,5S)-2.5-Di-(N-((4-morpholinyl)acetyl)amino)-3.4-dihydroxy-i,6-diphenylhexane. 



The resultant compound of Example 189B (23.5 mg. 0.16 mmol) was coupled to 23.2 mg (0.077 mmol) 
of the resultant compound of Example 171 using the carbodiimide coupling procedure described in 
so Example 55 to provide, after silica gel chromatography using 5% methanol m chloroform, the desired 
compound (R f 0.4. 10% methanol in chloroform) as a white solid, m.p. 172-177* C. m 55% yield. Mass 
spectrum: (M ♦ H)* * 555. 

Anal. Calcd for C 30 H» 2 N 4 O t 'aSHjO: C. 63.92; H. 7.69; N, 9.93. Found: C. 64.10; H, 7.58; N. 9.97. 

ss 

Example 208 
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(2S.3R,4R.5S)-2.5-OKN-((2-pyri^ 



to 



Picoiinic acid was coupled to the resultant compound of Example 171 using the carbodilmide coupling 
procedure described in Example 55 to provide, after chromatography on silica gel using 5% methanol in 
chloroform. 58 mg (60%) of the desired compound (Ft, 0.6, 10% methanol in chloroform) as a white solid 
m p. 179-184 C. Mass spectrum: <M ♦ H)* * 511. 

Anal. Calcd for C3cH 30 N*O**0.5H 2 O: C. 69.35; H. 6.01; N. 10.78. Found: C. 69 15* H 5 93 N 10 53 



Example 209 



15 (2S,3R,4S.5S)-2.S*Di«(N»(Cb2-valinyl)amino)>3.4-dihydroxyl,6-diphenylhexane. 

Using the procedure of Example 172B with 25 mg (0.083 mmol) of (2S.3R.4S.5S)-2.5-diamino-3 4- 
dihydroxy-1.6-diphenylhexane provided the desired compound (31%. R, 0.3. 5% methanol In chloroform) as 
20 a white solid, m.p. 230-234* C. Mass spectrum: {M ♦ H)' ■ 767. 



Example 210 

25 

(2S.3S,4$,5S)-2.5-Di*(N'(Cb2»valinyl)amino)*3.4«dihydroxy1,6-diphenylhexane. 

30 Cbz-valine p-nitrophenyl ester was coupled to (2S.3S.4S.5S)-2.5-diamino-3,4<lihydroxy-1.6-dipheny|. 
hexane using the procedure of Example 172B to provide the desired compound (R, 0.42. 5% methanol m 
chloroform) as a white solid, m.p. 239*242 *C in 86 % yield. 

w Example 211 



(2S.3R.4R.5SW2.5-Oi-(N-((t-butyloxy)carbonyi)aminoM,6*dtcyclohexyt-3.4»dihydroxyhe 



xane. 



50 



A mixture of 180 mg (0.36 mmol) of (2S 3R.4R,5S)-2.5-di-(N-((t-butyioxy>carbonyl)amino)-3.4-dihydroxy. 
1.6-diphenyihexane and 180 mg of 5% rhodium on carbon m 50 ml of methanol was shaken under 4 
atmospheres of hydrogen for 24 h. The resulting mixture was filtered and concentrated in vacuo. The 
residue was purified by silica gel chromatography using 5% ethyl acetate in hexane to provide 120 mg 
(65%) of the desired compound (R f 0.35. 30% ethyl acetate m hexanei as a white solid, m.p. 224-226 *C. 
Mass spectrum: (M ♦ H)* « 513. 

Anal. Calcd for C 2 iH^N 2 0 6 : C. 65.69; H. 10 22; N, 5.46 Found: C. 65 27 H. 10.16. N. 5.40. 



Examole 212 



53 (2S.3S.4R,5S)-5-Arnioo«2»(N-gt-butyloxyK:a^ 



A solution of 200 mg (0 67 mmol) of (2S.3S.4R.5SW2.5-dram.no-3.4-dihydroxyt .6-diphenylhexane m to 



513 
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ml of dichloromethane was treated with 174 mg (0.8 mmol) of di-t-butyldicarbonate. After being allowed to 
stir overnight at ambient temperature, the solution was concentrated, and the residue was purified by silica 
gel chromatography using 10% methanol in chloroform to provide 180 mg (56%) of the desired compound 
along with 80 mg (20%) of the resultant compound of Example 206. 



Example 213 



10 

(2S.3S,4R3Sh2MN-((t-Butyloxy)carbon 

The resultant compound of Example 212 was coupled to Cbz-valine using the carbodiimide coupling 
is procedure of Example 55 to provide the desired compound (R ( 0.48. 5% methanol in chloroform) as a white 
solid. m.p. 178-182* C. in 88% yield. Mass spectrum: (M * Hf * 634. 

Anal. Calcd for CseHirNjOr '0.5^0: C, 67.27; H, 7.53; N. 6.54. Found: C. 67.18; H. 7.45; N, 6.71. 

Example 214 



25 



30 



A. N,N-Dimethylvaline. 



A mixture of 2.5 g of L«valine. 0.5 g of 10% palladium on carbon, in 93 ml of methanol and 7 ml of 
formalin was shaken under 4 atmospheres of hydrogen. After 24 h, the solution was filtered and 
concentrated in vacuo to provide the crude desired compound. 

B; (2S>3R,4R,5S)-2.5-Bis-(N-fN.N-dimethylvalinyMamino)*3,4>dihydroxy-l,6-diphenylh exane. 

35 The resultant compound of Example 21 4A was coupled to the resultant compound of Example 171 
using the carbodiimide coupling procedure of Example 55 to provide the desired compound (20%. R f 0.3. 
10% methanol in chloroform) as a white solid, m.p. 200-204' C. Mass spectrum: (M ♦ H>* = 555. 

<0 Example 215 



A_ N-{(2-PyriQinyl)methoxycarbonyn-vaiine p-Nitrophenyt Ester. 

45 

A solution of 0.87 mmot of the resultant compound of Example 176A and 133 mg (0 96 mmol) of p- 
nitrophenol in 4 mi of tetrahydrofuran and 2 ml of dimethyiformamide was treated with 183 mg (0.96 mmol) 
of N-ethyl-N -(dimethyiaminopropyl) carbodiimide hydrochloride and stirred at ambtem temperature After 4 
so h. the solvent was removed m vacuo, and the residue was partially purified by silica gel chromatography 
using 20% ethyl acetate m chloroform to give 0.34 mg of the desired compound contaminated with excess 
p-nitrophenol. 

3* B. (2S.3R.4R.5S)-2.5*0'^N-<(2-pyridinyhmethoxycarbonyn-vaitny>»amtno)-3,4«dih ydroxy-t 6-dionenyihexane. 

A solution of 230 tig cf the crude resultant compound of Example 21 5A and 70 mg (0 23 mmol) of the 
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resultant compound of Example 171 in 1 ml of 1:1 tetrahydrofuran-dimethyiformamide -as stirred at 
ambient temperature for 16 h. The resulting solution was treated with aqueous NaHCOj stirred for i h 
diluted with 5% methanol in chloroform, washed wi»h aqueous NaHCOi until the washes were colorless' 
dried over Na 2 SO*, and concentrated. Chromatography on silica gel using 2% methanol in chloroform 
followed by 5% methanol in chloroform provided 140.6 mg (80%) of the desired compound (R, 0 32 10% 
methanol in chloroform) as a white solid, m.p. 196-200* C. Mass spectrum: (M ♦ H)* ■ 769 
Anal. Calcd for C* 2 H, 2 N«Ot: C. 65.61; H, 6.82; N. 10.93. Found: C. 65.68 H 6 93 N 10 95 



Example 216 



(2S.3S.4S3 S)-2.5-DHN-((2^ 

Using the procedure of Example 215B but replacing the resultant compound of Example 171 with 
(2S,3S.4S.5S)-2.5-diamino-3.4^ihydroxy.l t 6-diphenyineKane provided, after silica gel chromatography using 
a grad.ent of 2-5% methanol in chloroform, the desired compound <R, 0.32. 5% methanol in chloroform) as 
a white solid, m.p. 220-223 C. in 79% yield. Mass spectrum; <m ♦ H)* » 769. 
Anal. Calcd for C«2H5 2 N 6 0i '0.5H 2 O: C. 64.85; H. 6 87: N. 10.80. Found: C. 64 69: H. 6 84; N. 10 63. 

Example 217 



(2S.3R.4S.SS)-2.5-r>-{N-((2^ 

Using the procedure of Example 215B but reoiaong rhe 'esuttant compound of Example 171 with 
(2S.3R.4S.5S)-2.5-diam.no-3.4^jihydroxy.v6<( l phenv»he»ane orcvded. after silica gel chromatography us- 
<ng a gradient of 2-5% metharxjl ,n chloroform, the oes.^d comoound (R. 0 23. 5% methanol in chloroform) 
as a white solid, m p. 238-240 C m 82% vmd. Mass $o*ct'um f M * Hi' ■ 769. 
Anal. Calcd for C*;H« ; N«Oi *0 2$M ; 0 C. 65 23. h 6 84 N 1087 Found C. 65.01; H. 6.89; N, 10.92. 

Examcie 218 



A. 2*(N-<t-ButylCyycart)Ony!)ar^incfreThvl)pyrid ine. 

A solution of 21.2 g (97 mmoD of di-t-butyidicarbonate m 200 mi of dichioromethane was cooled to 0*C 
and treated in portions with 10 ml (97 mmol) of 2-(am.nomethyr t pyndine After petng allowed to warm to 
ambient temperature and stirred overnight, the resulting solution was diluted with 100 ml of dich- 
ioromethane, washed with three 100 ml portions of *ater. dr.ed over Na 2 SO«. and concentrated m vacuo to 
provide 19.8 g (98%) of the dosired compound (R# 0 28. 5% methanol m chloroform). H NMR (CCDi?) 5 
147 (s. 9 H). 4.45 <d. J « 6 Hz. 2 H). 5.56 (br. 1 H). 7 18 (m. 1 H). 7.28 (d. J " 8 Hz 1 H) 7 66 (td J ■ 7 
2 Hz, 1 H). 8.53 (m, 1 H). 



2-((N-(t*Butyioyycarbonyl)-N-methylam(no)methyl)pyndine. 



A solution of 19 8 g (95 mmoi) of the resultant compound of Example 218A in anhydrous 
tetrahydrofuran was cooed under N? atmosphere to 0*C and treated with 4.95 g (124 mmoO of sodium 



515 
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hydride (60% dispersion in oil). The solution was stirred for 15 min, treated dropwise with 7.1 mi (114 
mmol) of methyl iodide, stirred at ambient temperature for 2 h. and quenched cautiously with water. The 
resulting mixture was partitioned between ether and water, dried over NajSOi, and concentrated. 
Chromatography on silica gel provided 14.9 g (70%) of the desired competed as a colorless oil 

5 

C. 2-(N»methylamino)methyl)pyridine Dihydrochloride. 



The resultant compound of Example 2188 (3.05 g, 13.7 mmol) was treated with 30 ml of 4N HCI in 
dioxane and heated at 40 *C for 0.5 h. The solvent was removed in vacuo to provide the crude desired 
compound as a light brown solid. 



2: N«((N-Methyl-N»((2»pyridinyl)methyl)amino)carbonyl)valine Methyl Ester. 



A mixture of 1 61 g (7 2 mmol) of the resultant compound of Example 218C and 1.14 g (7,2 mmol) of 
the resultant compound of Example 160A in 40 ml of dichloromethane was treated with 2 ml (18 mmol) of 

20 4-methylmorphoiine. After being stirred for 2 h, the solution was partitioned between dichloromethane and 
water, dried over Na?SO*. and concentrated. Chromatography on silica gel using 2% methanol in 
chloroform provided 1 94 g (96%) of the desired compound <R, 0.32. 5% methanol in chloroform) as a 
colorless oil. T H NMR (CCOl 3 ) h 0 93 (d. J * 7 Hz. 3 H). 0.97 <d. J = 7 Hz, 3 H), 2.16 (m. 1 H), 3.03 <s, 3 
H). 3 72 (s. 3 H). 4.43 (dd. J * 8. 5 Hz. 1 H), 4.55 (s. 2 H). 6 15 (br, 1 H), 7.22 (dd. J ■ 8. 6 Hz, 1 H), 7 28 

25 (d. J « 6 Hz. 1 H). 7.69 (br t. 1 H). 8.55 (d. J = 5 Hz. 1 H). 



E; N*<(N-Methyl*N-^2-pyridinyl)methyl)amino)carbonyl)valine p-Nitrophenyl Ester. 

39 

Using the procedures of Example 176A and Example 21 5A but replacing the resultant compound of 
Example 162A with the resultant compound of Example 21 8D provided the desired compound. 



<2S.3R.4a.5Sh2.5-r>-(N-((N-Methy^ t g. 

diphenyihexane 



Using the procedure of Examoie 21 56 but replacing the resultant compound of Example 21 5A with the 
40 resultant compound of Example 2i8E provided, after silica gel chromatography using a gradient of 2-5% 
methanol in chloroform, the des»red compound <R ( 0.28. 5% methanol m chloroform) as a white solid, m.p. 
106-111* C, in 85% yield. Mass spectrum: <M ♦ H)* * 795. 

Anal. Calcd for C44HuN«0« • 1 25H : 0: C. 64.65: H. 7 46: N. 13 71 Found C. 64 35; H. 7.06. N, 13.58. 

Example 219 



W (2S,3S.4S,5S)-2,5-Oi-(NH(N-Methyl^ 

diphenyihexane. 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 215A with the 
35 resultant compound of Example 21 8E and replacing the resultant compound of Example 171 with 
(2S.3S.4S,5S)-2,5-diamtno-3.4-dihydrO' /-1.6-diphenylhexane provided, after sihca gel chromatography using 
a gradient of 1-5% methanol m chloroform, the desired compound (R* 0.38. 5% methanol in chloroform) as 
a white solid, m.p. 110-112* C. <n 75% yield. Mass spectrum: (M ♦ H)' * 795. 
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Anal, Calcd for C**H M N|0« •HjO: C. 65.00; H, 7.44; N, 13 78. Found: C. 64.61; H. 7.21; N. 13. 



60. 



Example 220 



(2S,3R,4S,5 S)-2,5-OHN-((N.Methy^ 

diphenyihexane 



10 



rs 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 218E and replacing the resultant compound of Example 171 with 
(2S,3R.4S.5S)-2.5-diarnino-3.4^lihydroxy.l.6-diphenyihexane provided, after silica gel chromatography us* 
mg a gradient of 1-2% methanol in chloroform, the desired compound (R, 0.38. 5% methanol in chloroform) 
as a white solid, m.p. 159-162* C. in 79% yield. Mass spectrum: (M ♦ H)* *795. 
Anal. Calcd for C4*Hs«N*0s: C. 66.48; H. 7.35; N, 14 09. Found: C. 66.31; H, 7.43; N. 13.95. 



20 



Example 221 



25 



2,4-DHN-((N-MethyNN-((2-pyri 



30 



The resultant compound of Example 2180 was hydroiyzed according to the procedure of Example 
176A and coupled to the resultant compound of Example 12 according to the carbodiimide coupling 
procedure described m Example 55 to provide, after silica gel chromatograohy US ing 3% methanol in 
chloroform, the desired compound (53%, R ( 0.5. 10% methanol in chloroform) as a white solid, m p. 70- 
72* C. Mass spectrum. (M ♦ H>* « 765. 



35 



50 



Examole 222 



(2S.3R.4R,5S)'2.5-Dt«(Nw((2-pyridinyl)carbonyi)vaitnyi)amtno)-3.4w3ihydroxy«1 .6-diphenylhexa ne. 

Picoiinic acid was coupled to the resultant compound of Example 1 73 using the carbodiimide coupling 
procedure described »n Example 55 to provide after silica gel chromatography using a gradient of 5*10% 
methanol m chloroform, the desired compound <R ( 0.16. 10% methanol m chloroform) as a white solid, m.p. 
167-171' C. in 61% yield. Mass spectrum: (M ♦ H)* a 709 

Anal. Calcd for C«cH«|N<Ot: C. 67.78; H, 6.83; N. 11. 86. Found: C. 67.81; H. 6.59; N, 11.78. 

Example 223 



A. 3-(3-Pyridinyl)propanotc Acid 



55 



A mixture of 3 g <20 mmol) of 3-(3-pyndinyl)acryhc acid and 0.3 g of 10% palladium on carbon in 150 
ml of ethyl acetate was shaken under 4 atmospheres of hydrogen for 24 h. After filtration, the resulting 
solution was concentrated m vacuo to provide the desired compound. 
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to 



30 



B. (2S.3R.4R,5S)>2.5-Oi-(N -(3-(3-pyridinvl)pfopanoyl)valinyl-amino).3,4.dihydfo» t y.1.6-diphenylhexar.j. 

The resultant compound of Example 223A was coupled to the rwultant compound of Example 173 
uring the carbamide coupling procedure described in Example 55 to provide after silica grtSSiS 
raphy us.ng a gradient of 5-10% methanol in chloroform, the des,red compound (R, 0 1 10% me hTn 0 °?n 
chloroform, as a white solid, m.p. 260-263'C. in 37% yield. Mass spectrum^ ♦ H)' - 765 

Example 224 

(2S.3R.4R.5S)-3.4.Dihvdro xy.2.S-di-(N-(N-(2.pyrldylacetvi)).valinyl).amino.l.6-diphenyihexane. 

(2-Pyri<Jyl)acetic ac.d was coupled to the resultant compound of Example 173 usmg the carbodiimide 

2-5% 'SE^eST* S E : amP,e 55 ,0 Pf0Vide ^ SiNCa 9el «™«*#» "'"9 a gradient of 
r > ' l ° deS ' red compo . und < 41% - «»■ 5H methanol in chloroform) a, a white 
solid. m.p. 208-213 C. Mass spectrum: (M ♦ H> ■ 737. 



Example 225 

33 

N-((4-Pyridinyl)methoxycarbonyl>-valine p-Nitrophenyl Ester. 

* c US ! n9 ,fl e A P^ 0 ' 68 <* Em"** ™* and Examp.e 215A but replacing ,he resultant compound of 
Example 162A with the resultant compound of Example 160B prov.ded the desired compound. 

^B.(2S.3R.4R.SS>-2.5-Oi-(N-( (4-pyndinyl)methOxycarponyl)-valiny l-am.np )-3.4-dihydroxy1,6-diphenylhexane. 

. Using the procedure of Example 215B but repiac.ng the resultant compound of Example 215A with the 
resultant compound of Example 225A provided, after silica gel chromatography using a gradient of 2-5% 
~ ' nchl ° rofomv ,he desir <* compound (R, 0.11. to-, methanol m Chloroform) as a white solid, m p 

40 221-224 C in 48% yield. Mass spectrum: (M ♦ H) - 769. 

Anal. Calcd for C.,H,jN«(V0 5H,0: C. 64.85; H. 6 87; N. 10 80. Found. C. 64 91; H. 6.81: N. 10.80. 

Exam ple 226 

(2S.3R.4S.5S)-2.5-Di-(N-(t-butylaminocarbonyl)amino>-3.4.d.hydroxy.i.6-diphenylhexane. 



so 



59 



A solution of 30 mg (0.1 mmoD of l2S.3R.4S.5S)-2.5-diam,n 0 .3.4^ l hydroxy-l.6-diphenylhexane in 1 ml 
of dichioromethane was treated with 25 ul (0.22 mmoD of t-butyl.socyanate. The resulting solution was 
stirred at ambient temperature, diluted with dichioromethane. washed with brine, dried over NajSO. and 
concentrated in vacuo. Silica gel chromatography using a gradient of 1-3% methanol in chloroform provided 
49 mg (98%) of the des.red compound <R, 0 4. io% methanol in chloroform) as a wh.te solid mp 193. 
196 C Mass spectrum: (M ♦ H) ■ 499 

Anal. CaiCd for CjiH.jN.O. 'H-O C. 65.09: H. 8.58: N. 10.84 Found C, 65.17; H. 821 N 10 77 
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Example 227 



(2S,3R,4S,5S>-2.5 D'^N^isopropylaminocarbonyQaminoha^ihydroxyO.e-diphenylhexana. 

Using the procedure of Example 226 but replacing t-butyiisocyanate with isopropyifsocyanate provided 
the desired compound <R ( 0.24, 10% methanol in chloroform) as a white solid, m.p. 220-222* C. in 81% 
'0 yield. Mass spectrum: (M ♦ H)* « 471. 

Anal. Calcd for C2*H 38 N4O4-0.25H 2 O: C. 65.73; H, 8.17; N. 11.79. 



Example 228 



f5 



30 



(2S.3S.4S.SS)-2.5-OHN-((4-pyiidinyO^^ 

Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 225A and replacing the resultant compound of Example 171 with 
(2S,3S.4S,5S)*2.5-diamino-3,4-dihydroxy-1.6-diphenylhexane provided, after silica gel chromatography using 
a gradient of 2-5% methanol in chloroform, the desired compound (35%. R, 0.25. 10% methanol in 
chloroform) as a white solid, m.p. 190-193* C. Mass spectrum: (M ♦ H)* * 769. 



Example 229 

30 

A^ N-((3'Pyridioyl)methoyycarbonyn-valine p-Nitropherv ! Ester. 

JS Using the procedures of Examole 176 A and Examole 215A but replacing the resultant compound of 
Example 162A with the resultant compound of Example 161 A provided the desired compound. 

<2S.3S.4S.5S)-2.5-DHN-<(3-pyridinyl)metho^ 
^ - — — ' ■ ■ 

Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 229A and replacing the resultant compound of Example 171 with 
<2S.3S.4$.5SH2.5-diamino-3.4^ihydroxy-l.6-diphenyfhexane orovided. after silica gel chromatography using 
45 a gradient of 5-10% methanoMn chloroform, the desired compound (R ( 0.31. 10% methanol m chloroform) 
as a white solid, m p, 202-207* C. Mass spectrum: (M ♦ Hf * 769. 



Examole 230 



30 



55 



(2$.3R.4S,5S)-2,5-Dt*(N-f(3-pyridinyl»methOKycarbonyl)-vaitnyl*amino)»3.4-(jihydroxy -'i 6*diDhenylhe*ane. 

Using the procedure of Example 21 56 Out replacing the resultant compound of Examole 215A with fhe 
resultant compound of Example 229 A and replacing the resultant compound of Example 171 Mh 
i2S.3R.4S.5S>*2.5'diamino-3.4-dihydroxy-l 6-diphenythe*ane provided, after silica gel chromatography us- 
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ing a gradient of 2-5% methanol In chloroform, the desired compound (31%. R, 0.28. 10% m^hanol in 
chloroform) as a white solid, m.p. 212-216*0. Mass spectrum: (M ♦ H)* ■ 769. 



Example 231 



(2S,3S,4R,SSV2-(N -((t-Brtyloxy)carbonyl)am^ 
10 dihydroxy»1 ,6-diphenyihexane. 

Using the procedure of Example 21 5B but replacing the resultant compound of Example 171 with the 
resultant compound of Example 212 provided, after silica gel chromatography using a gradient of 0-2% 
rs methanol In chloroform, the desired compound <R, 0.57. 5% methanol m chloroform) as a white solid m p 
202-204 C. in 61% yield. Mass spectrum: (M ♦ H)* - 635. 



Example 232 



20 



(2S,3S,4R,SS)-2-Amino-5-(N-((3-pyH^ 



25 



The resultant compound of Example 231 (200 mg, 0.31 mmol) was treated with 20 ml of 4N HCI in 
dioxane. After being stirred at ambient temperature for 2 h. the solvent was removed in vacuo. The residue 
was partitioned between chloroform and aqueous NaHC0 3 . dried over Na 2 S04. and concentrated. Silica gel 
chromatography using a gradient of 2% methanol 2% isopropylamme in chloroform provided 40 mg (84%) 
30 of the desired compound. 



35 



Example 233 



(2S.3S.4R.5S)-2-(N-SuccinyiaminohS-<N-((3-pyr^^ 

diohenyihexane 

A solution of 50 mg (0 93 mmoO of the resultant compound of Example 232 in 0.5 ml of dich- 
toromethane was treated with 9.3 mg (0.93 mmoD of succinic anhydride. The resulting mixture was stirred 
overnight at ambient temperature and concentrated »n vacuo to a sottd wr„ch was washed with chloroform. 
The solvent was decanted to provide the desired comoound <R, 0.91. 1:1:1;1 ethyl acetaten- 
butanot/water/acetic acid) as a white solid. Mass spectrum <M ♦ h»* * 635 t 



Example 234 



50 



A. N-(Chlorosulfonyi)-va iine Methyl Ester. 

55 A suspension of 15 3 g (90 mmol) of L-vahne methyl ester hydrochloride m 45 ml of acetonitnte was 
treated with 22 ml (270 mmol) of suifuryl chloride and heated at reflux for 16 h. The resulting light yellow 
solution was allowed to cool and concentrated m vacuo to a viscous oil. The oil was treated two times with 
acetomtrile followed each time by concentration .n vacuo. The crude desired product was thus obtained as 
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a viscous oil. 



2. N M(N*Methyl"N*((2-pyridinyl)methyQamino)sulfonyl>-valine Methyl Ester. 



A mixture of 137 mmol of the resultant compound of Example 218C and 3.17 g (137 mmol) of the 
resultant compound of Example 234A in 100 ml of dichioromethane was cooled to 0 # C and treated with 6 
ml of 4-methylmoroholine. The resulting solution stirred for 2 h. diluted with dichioromethane. washed with 
aqueous NaHC0 3 . dried over NajSO*. and concentrated in vacuo. Chromatography on silica gel using 30% 
ethyl acetate in chloroform provided 1.72 g (40%) of the desired compound as a colorless oil. 'H NMR 
(CCDlj. major rotamer) * 0.95 (d. J « 7 Hz. 3 H). 1.03 (d. J » 7 Hz, 3 H), 2.12 (m. 1 H), 2 79 (s 3 H) 3 76 
<s, 3 H). 3.95 (dd. J * 8. 4 Hz. 1 H), 4.54 (AA\ 2 H). 6.40 <d. J * 8 Hz. 1 H). 7.26 (m. 1 H). 7.35<d 6 Hz 1 
H). 771 (br I 1 H). 8 69 (d. J * 4 Hz. 1 H). Mass spectrum: <M * H)* « 316, 



C. N-((N-Methyl'N-((2«pyridinyl)methyl)amino)sulfonyl)»valine. 



20 A solution of 200 mg (0,63 mmol) of the resultant compound of Example 2348 in 2.5 ml of dioxane was 
treated with 2.5 ml of 0.5M LiOH. After being stirred overnight at ambient temperature, the solution was 
concentrated in vacuo at 30 # C. diluted with dioxane and water, neutralized with 1M HCl, and concentrated 
in vacuo to provide the crude desired compound. 

D. (2S.3R.4R,5S)-2,5-OHN-((N-Methyl^ 

diphenyihexane. 



The resultant compound of Example 234C was coupled to the resultant compound of Example 171 
using the carbodiimide coupling procedure of Example 55 to provide, after silica gel chromatography using 
2% methanol in chloroform, the desired compound (45%. R, 0.5. 10% methanol in chloroform) as a white 
solid, m.p. 85-89 C. Mass spectrum: <M + H)* a 867. 

Anal. Calcd for C* 2 H5 8 N 8 0 8 S2*H 2 0: C. 57 00: H. 6 83: N. 12 66. Found: C. 5678: H. 6.56; N. 12,45. 



Examoie 235 



A. (4S)4-Benzyl-3-(3-methyibutanoyi)oxazoiidine«2-one, 

Using the procedure of Example 100 A but replacing 4.<2-oropyl)-oxazoiidine*2-one with 4- 
45 benzyloxazolidine-2-one and replacing 4-methylpentanoyl chloride with isovaleryl chloride provided the 
desired compound. 



B. (4S.2 S)-3-(^*(t*Butvloxycarbonyl)methyi-4-methyibutanoyl)'4*benzyloxazoiid ine-2*one. 
50 " *~ 1 — 

Using the procedure of Example 100B with the resultant compound of Examoie 235A provided, after 
silica gel chromatography using 15% ethyl acetate >n hexane followed by dichioromethane. the desired 
compound (R, 0.35. 20% ethyl acetate in hexane) m 88% yield. 

55 



C_ Benzyl (2S)-2>(t'Butyioxycarbonynmethyi-4«methyibutanoate. 

321 
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Using the procedure of Example 100C with the resultant compound of Example 235B prov'led. after 
silica gel chromatography using 6% ethyl acetate in hexane, the destred compound (R, 0.43 10% ethvl 
acetate in hexane) ir. 60% yreid. 



D Benzyl (2Sh2-Carboxymethyl-4-methyibutanoate. 



Using the procedure of Example 100D with the resultant compound of Example 235C provided the 
to desired compound as a crude colorless oil. 



— BefUyl ^S>-2'f((N-Methyi*N-((2*pyridinyl)methyl)amino>carbonyi)methyi)*4>methylbutanoate, 



'5 



20 



The resultant compound of Example 235D was coupled to the resultant compound of Example 218C 
using the mixed anhydride coupling method described in Example 6F to provide, after silica gel chromatog- 
raphy using 60% ethyl acetate in chloroform, the oesired compound <R, 0.19. 60% ethyl acetate in 
chloroform) in 73% yield. 



£. (2Sh2*(((N-Methyl»N-((2'pyridinyl)methyi)amino)(carbonyl)methylM>methylbutanoic Acid. 

2$ The resultant compound of Example 235E was hydrogenolyzed according to the procedure described 
in Example 71 C to provide the desired compound. 

G. (2S.3R.4R.5S.2 S.2 S)-2.5-DiM2-(((N'methyl-N-((2-pyridinyl)methyl)amino)carbonyl)inethylH-methyl- 
30 . butanoy lammo>-3.4-dihydroxy- 1 ,6-diphenyihexane. " 

The resultant compound of Example 235F was coupled to the resultant compound of Example 171 
using the carbodiimide coupling procedure of Example 55 to provide, after silica gel chromatography using 
35 5% methanol in chloroform, the desired compound in 42% yield, m.p. 169-170* C. Mass spectrum <M ♦ 
H) » 793. 

Anal Calcd for C^H^N^O* # 0.5H 2 O: C. 68.89; H. 7.67: N, 10.48. Found: C. 68.85; H. 7 80; N, 10.16. 



Example 236 



Ethyl 3-(2-Pyridinyl)acryfate. 



55 



A suspension of 0.43 g (10.7 mrnol) of sodium hydride (60% dispersion m oil) m 60 ml of anhydrous 
tetrahydrofuran was cooled to 0*C and treated with 2.1 ml (10.5 mmoo of tnethylphosphonoacetate. The 
resulting solution was stirred for 10 mm, treated with 1.0 mtalOS mrnol) of pyndme-2-carboxaldehyde. 
heated at reflux for 2 h. and stirred overnight at ambient temperature. The resulting mixture was partitioned 
between ether and aqueous ammonium chloride, washed sequentially with water and saturated brine, dried 
over MgSOt. and concentrated in vacuo. Chromatography on silica gel using 25% ethyl acetate in hexane 
provided 1.54 g (83%) of the desired compound as a colorless liquid. H NMR (COCl 3 > 5 1.34 (t. J *» 7 Hz. 
3 H). 4.28 (q. J s 7 Hz. 2 H). 6.92 (d. J * 16 Hz. i H). 7 27 (ddd, J - 8. 5. i Hz. 1 H». 7.43 (d, J « 8 Hz. 
1 H). 7 72 (m. 1 H). 8.65 (m. 1 H). 
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s 

C.(2S.3R,4R,SS)-2.6-Di.(N.(3-(2.pyfidinyl) P ro P e noyl).v a iiny|. a mine)-3.4.dihydroxy.1,6-diphenylhexane. 

'° *. "I* prOCeduros of ^^P' 6 22 3A and Example 223B but replacing 3-<3-pyridinyl)acrylic acid with 
the resultant compound of Example 236B provided the desired compound. "VW"e aod with 

Example 237 



20 



< 2 S-3R.4R.5S>.2.5-OHN.(3-<2-pyridinyl)p ro ^^^ 

^, USi "! th ! pr0Cedures of exam »*' 223A ™> Example 223B but replacing 3-(3-pyridin y .) acrylic acid with 
JJSnW rrer^* 3 *** COmpOUn<1 ^metha", in y cS£TlS 



Example 238 



30 2>Di^N^(2^orpholinyliethvl ox y )Mrt»nyl).valin y |.am,no ) .i,5-<3ipheny|.3-r. y droxv P entane. 

•fwi , i r^! SUl, ! nt eom ? ound of Exam P ,e 185B " as coupled to the resultant compound of Example 12 using 
» ml^r'Jf T P 9 Pr ° CedUre °' Examp ' e ,60 ° ,0 Dr0v,de - atter s,lica ° el chromatography using 3% 

ZKJj" Ch, °I?f d9Sired COmpOUnd (R ' °. 6 - ,0,i metha "C Chloroform, ,n 66% yield as a 

white solid, m.p. 122-123 C. Mass spectrum: (M ♦ H, = 783 y 



Example 239 

40 —— 



2«(Boc-valinyl-amino)-4-(Cb2-valinyl-amino).i5-'3 l or'cryi-3-hydrox y pentane. 



43 



Boc-vahne was coupled to the resultant compound of Example 69 using the carbod..m.de coupl.no 
procedure of Example 55 to provide, after silica gel chromatography using 3". methanol m chloroform the 
desired compound (82%. R, 0.7. tO% methanol m chloroform, as a wn.te sol.d. m.p 184.184'C Mass 
spectrum: (M ♦ H, ■ 703. 

W Anal. Calcd for C. 0 H,.N.O,'0.5HjO: C. 87.49; H. 27 79. N. 7 87 Found C. 87.79 H. 7.63. N. 7 91. 

Example 240 

55 

4»«Cbz-valin y i-amino)-2-(vaiin y i-amino)-i S-dichepyi-3-hyerox yP erttane. 

523 
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Using the procedure of Example 12 with the resultant compound of Example 239 provided » crude 
hydrochloride salt which was partitioned between chloroform and aqueous NaHCOj. dried over Na 2 S0 4 
and concentrated. Chromatography of the residue on silica gel using 3% methanol in chloroform provided m 
89% yield the desired compound (R, 0.5. 10% methanol in chloroform) ac a white solid mo 126-127' c 
Mass spectrum: (M ♦ H) » 603. 

Anal. Calcd for CisHuNiCVt.SHjO: C. 66.75; H. 7.84; N. 8.90. Found: C. 66.88; H. 7.25; N. 8.79. 



to 



Example 241 



TS 



20 



J3 



A. N-((2-Thiazolyl)methoxycarbonyi)-valine Methyl Ester. 

Using the procedure of Example 160B but replacing pyndine-4-methanol with 2-(hydroxymethyl)thiazole 
(Dondoni, et. ai.. Synthesis. 1987, 998; Tetrahedron Lett 1963. 24. 2901 ) provided, after silica gel 
chromatography using 3% methanol in chloroform, the de*.,ed compound in 74% yield. Mass spectrum <M 



B. 2.4-DHN-{(2-thia20lyl)methoxycarbony l)-valinyl-amino)* 1 .S-diphenyl^-hydroxypentane. 

» The resultant compound of Example 241 A was hydrolyzed according to the procedure of Example 176A 
and coupled to the resultant compound of Example 12 according to the carbodiimtde coupling procedure of 
Example 55 to provide, after silica gel chromatography using 3% methanol in chloroform, the desired 
compound (72%. R, 0.7. 10% methanol in chloroform) as a white solid, m.p. 92-93* C. Mass spectrum- (M 
♦ H) «751. 

30 Anal. Calcd for Cj;H u NtOrS: C. 59.18: H. 6.18; N. 11.20. Found: C. 60 42: H. 6 51; N. 10.61. 



Examoie 242 



4^Cb2-valinyl-amino)-2-<N^ 

*a The resultant compound of Example 190B was coupled to the resultant compound of Example 240 
using the carbodiimide coupling procedure of Example 55 to provide, after silica gel chromatography using 
3% methanol in chloroform, the desired compound (70%. R, 0.3. 10% methanol in chloroform ) Mass 
spectrum: (M » H) »7li. 



Example 243 



M *<Cbz-valinyl»amino)-2-(NM^ 

The resultant compound of ExamDle 189B was couoied to the resultant compound of Example 240 
using the carbodiimtde coupling procedure of Example 55 to orovide. after silica gel chromatography using 
35 3% methanol in chloroform, me desired compound <67V R« 0.5. 10% methanol m chloroform). Mass 
spectrum: {M ♦ H) a 730. 



524 
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ro 



'5 



30 



75 



Example 244 

«0 Provide 40 mg (65 4) «, 1 !* PU " ,ieo " bv »««ca gel chroma^,! k 3 NaHCOj - ««» over Naiso 

Example 245 



Using the procedure of E 

sw« - nasi 

p oe-258 C. Mass spectrum: 



33 



Example 246 



40 



The resultant compound m e 

Example 247 

«> 32-. mi. m^szht.' ""»»*» - "a rr: u! " , • , 5,4 mM »™ 

*». C to, C,H,°^,™ H * H ' ■ f- "" * """ **■ ™» »7-a)«-c. 

5 2 5 ' W F ° UnC,; C ' 63 '0: H. 6 70: N. ,0.54. 
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Example 248 



<2S.3a4S.SS)»2.5-0HN.(fr(4.morD^ 

Anal. Calcd for C 4J H„N s 0, 8 '1.25*0: C. 60.38; H. 8.02; N, 10.06. Found: C. 60.21; H. 7.78; N. 10.43. 



#5 



Example 249 



29 



(2S.3S.4R,5S)-2-(N.((t.B^^^ ^ 

dihydroxyi.e-diphenylhexane ~ — ~* — 

Using the procedure of Example 160D. the resultant compound of Example 161 B was coupled to the 
resultant compound of Example 212 to provide, after s.lica gel chromatography u^^^^^^ 

ZZ?^ T mP0 T (R ' ?' 21t S% methano1 in ch,orofo ™> «■ " hi * send 9 ml 7s*rt [ c 
66% yield. Mass spectrum: (M ♦ H) » 635 

Anal. Calcd for C, ! H. ( N.O J -0.75H ? O: C. 64.65; H. 7.38; N. 8.64. Found: C. 64.81; H. 7.18; N. 8 80. 

Example 250 



so 



Bis-(2-(N-(Cbz-vaiinyl)amino)-3-phenyipropyi)suifone. 

^2ldTSST Und °' - amPl9 ,55B ^ depr0,ec,ed accordi "9 » the procedure 0 f Example 12 

ethyl acetate, washed sequentraily with aqueous citric acid, water, aqueous NaHCO,. and water The solid 

ZFc'SFiS? 3, M 6 fed ' ^ *' ,h «« to a fine wh,»e £>wde,. rTp 25 £ 

280 C (dec> (67% yield). Mass spectrum: <M ♦ H) • 799 

Anal. Calcd for C«4H,«N.O,S'H } 0: C. 64.69: H. 6.91: N, 6.86. Found: C. 64.42; H 6 93: N. 7 51. 

Example 251 



(2S.3B.4S.5S)-2.S-DWN-((N.Meth yi-N-((2-pyr l dinyOmethyl)amino) S ulfonyl)-valin y l-am l no ) .3.4.d.hydroxv 1.6- 

qionenyihexane. " * 



The resultant compound ol Example 234C was coupled to (2S.3R.4S.5S)-2.S-diam,no-3.4-dih y droxy-i 6- 
m T 9 ,he carb0<3 " m,d0 coup ""9 Procedure of Example 55 to provide, after s.lica gel 

Chromatography, the des.red comoound (R, 0.65. 10% methanol ,n chloroform, as a white solid mo 91- 
93 C. Mass spectrum: (M * hi » 867 

Anal Calcd for C t: H„N,0,S; -H : 0: C. 57 00: H. 6 83: N. 12 66. Found: C. 67 26: H. 8 30: N. 4 98. 
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Example 252 



5 <2S-3S.4S.5SH2,5-OHNH(N -methyN^ 

. diphenylhexane. 



The resultant compound of Example 234C was couoied to (2S.3S.4S.5S)-2.5^iamino3.4-<jihydroxy.i 6- 
to diphenylhexane us.ng the carbodhmide coupling procedure of Example 55 to provide, after silica gel 
rtromatography. the desired compound (R, 0.54. 1C% methanol in chloroform) as a white solid mo 75- 
77 C. Mass Spectrum: (M ♦ H) « 867. 



tn 



Example 253 



20 



(2S.3S.4S.SS.2 S.2 $)-2.5*Di^(2-hydroxy.3>methylpentanoyl)-amino^3,4^jihydroxy*i,6-diphAnylhexane. 



L-2-Hydroxy-3-methylvaleric acid was coupled to the resultant compound of Example 171 using the 
diimide coupling procedure described in Example 55 to provide the desired compound (R, 0.23. 10% 
methanol in chloroform) as a white solid, m.p. 226-230* C. 
rs Anal. Calcd for CjoH^NzOs # 0.5H 2 O: C, 67.01; H, 8.44; N. 5.21. Found: C. 67.26; N. 8.30; N. 4.98. 



Example 254 



2-(N-(((1«Methyl)pipendin-3-yl^ 

hydroxypentane. 



Using the procedures ol Example 165 but replacing 4-<2-hydroxyethyi)morpholine with 3- 
(hydroxymethylhl-methyipipehdine provided the desired compound (R, 0.30. 10% methanol m chloroform) 
as a White solid, m p 162-163. Mass spectrum: <M ♦ h>* = 758 

Anal. Calcd for CoH 51 N<Or g 0.5H ; O: C. 67 34; H, 7 88, N 9 13 Found. C. 67 40: H, 8.03; N. 8.69, 



Exampte 255 



45 



2-(N-(((1-Methyl)pipendin-2-yQ 

hydroxypentane. 



so Using the procedures of Example 165 but replacing 4.<2-hydroxyethyi)morpholine with 2- 
(hydroxymethyi>-i.mothyipiperidine provided the desired comoound rR ( 0.40. 10% methanol in chloroform) 
as a white solid, m.p. 160-161. Mass spectrum: (M + H)* = 758. 

Anal. Calcd for CoH^N.Q; *0.5H : O: C, 67.34; H. 7.88; N. 9.13 Found: C. 67.15; H. 7 77; N, 8.91. 



55 



Examole 256 
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2>PHN-((2-( t -imida*olyl>acetyl)-valinyl-amino)- 1 .S-diphenyl-3-hydroxypentane 



Using the procedure of Example 190C but replacing the resultant compound of Example 173 with the 
resultant compound of Example 140 provided the desired compound as a white solid mo >260 Mass 
spectrum: (M ♦ H) « 685. 

Anal. Calcd for C 3 7H* 8 NgO»*2H20: C. 61.65; H. 7.27; N. 15 54. Found: C. 60.47; H. 6.70; N, 15.30. 



10 Example 257 



rs 



20 



25 



30 



A. 2'(t*Butyloxycarbonyl)methyl»3-methylbutanoic Acid. 

The resultant compound of Example 2358 was hydroyzed according to the procedure of Example 60 
except that excess 30% hydrogen peroxide was included m the reaction mixture to provide the crude 
desired compound. 

B. (2S.3S < 4R t 5$)-2-(N >(2-(t*Butyloxycarbonyl)methyl-3-methylbutanoyl)aminoh5-(N-((3'pyridinyl^ 
methoxycarbonyl)-vaUnyl-amtno)-3,4-dihydroxy-1,6"diphenylhexane. " — 

The resultant compound of Example 257A was coupled to the resultant compound of Example 232 
using the carbodiimide coupling procedure of Example 55 to provide, after silica gel chromatography using 
a gradient of 1-5% methanol in chloroform, the desired compound in 22% yield. 



B. (^-3S,4R,5S)-2-(N-(2- Carboxymethyl-3-m^ 

ammo)-3,4*dihydroxy«i,6-diphenyihexane Trifluoroacetate Salt. " 

35 The resultant compound of Example 257B (45 mg) was treated with 15 ml of 2 1 
dichloromethane/trifluoroacetic acid After 4 h at ambient temperature, the solution was concentrated in 
vacuo to provide 28 mg (55%) of the desired compound as an off-white solid, m.p. 208-210 'C. 

40 Example 258 



45 



2.4-Di-(N-(3M2-pyridinyl)propanoyl)-valinyNamino)-1,5-diphenyt»3-hydroxypentane. 



Using the procedures of Example 223A and Example 223B but replacing 3-<3-pyridinyl)acrylic acid with 
3-<2-pyridinyl)acrylic acid and replacing the resultant compound of Example 173 with the resultant 
compound of Example 140 provided, after silica gel chromatography using 3% methanol in chloroform, the 
so desired compound (35%. R, 0.6. 10% methanol in chloroform) as a white solid, m.p. 216-218" C Mass 
spectrum: (M ♦ H)* = 735 



55 



Example 259 



2.4-Di'(N-((N-b9nzylamino)carbonylK'alinyl-amtoo)-l S-dfonenyl-3-hydroxypentane. 



528 
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*5 



30 



50 



55 



Using the procedure of Example 226 but replacing <2S.3R,4S,5S)-2.5-diamino-3.4-dihydroxy-i 6- 
diphenylhexane with the resultant compound of Example 140 and replacing t-butylisocyanate with ben- 
zylisocyanate provided, after silica gel chromatography using 3% methanol in chloroform, the desired 
compound (64%. R, 07. 10% methanol in chloroform) as a white solid, m.p, 238-238.5' C. Mass spectrum: 

l W + Hi ■ 735 



(M ♦ H) -735 
t0 Example 260 



2>Di^N^(N^(2*pyridinyi)methyt)aminoK:arbonyi>*vafinyUamino)«i,SK3iphenyl*3»hydroxypentane. 



A solution of 34 mg of triphosgene in 2 ml of tetrahydrofuran was cooled under N 2 atmosphere to 
•78 C and treated over a period of 2 mm with a precooied (-78 'C) solution of 80 mg of the resultant 
compound of Example 140 and 40 ul of 4-methyimorphoiine m 1 ml of tetrahydrofuran. After 30 min. the 

20 solution was treated with a solution of 37 mg of 2-faminomethyl)pyrldine and 40 ul of 4.methylmorpholine in 
1 ml of tetrahydrofuran The resulting solution was allowed to warm to -10'C over a 2 hour period, after 
which it was concentrated m vacuo. Silica gel chromatography of the residue using a gradient of 3% 
methanol in chloroform^ 5% methanol 4 5% isopropylamine in chloroform provided 80 mg (64%) of the 
desired compound (R. 0 46. 4 5% methanol 4% isopropylamine in chloroform) as a white solid, m.p. 198- 

25 199 C. Mass spectrum: <M ♦ H>* » 737 



Examote 26 1 



2.4»OHN-((^(3«oyridinyl)m^ 

J5 Using the procedure of Example 260 but replacing 2-<aminomethyt)pyndine with 3-(aminomethyi>- 
pyridine provided, after silica gel chromatography using a gradient of 3% mothanoi in chioroform-4.$% 
methanol/4.5% isopropytamine m chloroform a 60% yield of the desired compound (R, 0.3. 4.5% 
methanol/4% isopropylamine m chloroform) as a white solid, m 0 238-239* C. Mass spectrum- (M ♦ H)* » 
737. 

40 Anal. CalCd for C*;H< ; N«04 # H:0 C. 66 82: M. 7 21; N. 11 13. Pound: C. 67 07; H. 6.98; N, 11.12. 

Example 262 



(2S.3S.4S.5S.2 S 2 $)-2.5'Oi-ff2-ffmethoxy)-methoxy)Q-methyipentanoyl)-amino)-3.4*dihydroxy-1,6- 

diphenytne*ane. 



Using the procedure of Example 253 but replacing l-2-hydroxy-3-methylvaleric acid with L-2-<- 
(methoxy)-methoxy) -3-methylvaleric acid provided, after silica gel chromatography using 20% ethyl acetate 
in hexane. the desired compound (88%. R ( 0.18. 20% ethyl acetate m hexane) as a white solid, m.p. 190- 
194* C. Mass spectrum: (M «• H)* = 617. 



Example 263 
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3.6"Qiamino-2.8^imethyl-5-hydroxy-4,4-difluorononane. 

Using the procedures described in detail in Example 181 1 and replacing Boc-l-cyclohexylalaninal with 
Boc*L-leucinal provided the desired compound. Mass spectrum: M* * 238. 

Example 264 

3,6"Bis-(Cb2»valinyl«amino)>2.8<limethyl»S«hydroxy>4,4^3ifluorononan e. 

« Using the procedure described in Example 182, the product from Example 263 was coupled to Cbz-Val 
to give the desired compound (56%). Mass spectrum: (M ♦ H)* * 705. *H NMR (COCli) 50 82 <m 12H) 
3 90 (m. 1H), 4.02 (m. 1H). 4.30 (m. 1H). 4.55 (m. 1H), 5.02 (s. 4H). 5 80 (br d. 1H). 7.20 (br d. 1H) 7 35 (m 
10H). 7.70 (brd. 1H). * 



to 



20 



Example 265 



45 3^Bis-(Cb2*valinyl-amino)>2 t 8^imethyl-5-oxO'4.^-difluorononane. 

Using the procedure described in Example 183. the product from Example 264 was oxidized to provide 
the desired product (93%). Mass spectrum: <M + H) # » 703. H NMR <CDCI 3 ): 50.8 (ro, 1.12H) 3 90 (m 
JO 1H). 4.02 (m. 1H), 4.85 (m. 1H). 4.80 (m. tH) ( 5.05 (s. 4H). 7.35 (m. 12H). 7 95 (br d. 1H), 8.42 (br d, 1H). 

Example 266 

3$ 

A. 2-Oxazolidinone derivative of Ethyl 4fS)-amino-5*phenyi»2,2-Jif*uoro-3(R)«hydroxypentanoate. 

40 Using the procedure described m Examples 181A and 181B but replacing Boc-L-cydohexylalaninal with 
phenylalaninal provided the desired product. Mass spectrum: M* « 299. 

B.4(S)Benzyl-5(R>-<3 (3 .3 -difluoro-2 -oxo-t •Dhenyl-proDyi))-2-oxa20lidinone. 

The hydrolysis of the resultant compound of Example 266A by lithium hydroxide in aqueous dioxane 
provided the corresponding acid, wmch was condensed with N.O-dimethyl-hydroxylamme with EDAC to 
give the corresponding amide, The amide was dissolved m THF and reacted with 3 equivalents of 
so benzylmagnesium chloride to give the desired compound (88°H Mass spectrum: M # ■ 345. *H NMR 
(COCIj)«2.82(dd. 1H). 33 0(dd. 1H), 4 07 (m. 2H>. 4.15 (m. 1H). 4.70 <m. 1H), 7.15-7.38 <m, 10H). 



55 



2.5-Diamino'i .6-diphenyi-3.3*difluorO"4-hydroxy h9xane. 

Using the resultant compound from Example 266B and the procedures described m Example 181D. 
181E. and 181F provided the desired compound. Mass spectrum: M* * 320. 

156 
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Example 267 



?.5-Bis*(Cbz-valinyl-aminoH .6-diphenyl-3.3-difluoro-4-hydroxyhexane. 



to 



Using the resultant compound from Example 266C and the procedure described m Example 182. the 
desired product was obtained in 70% yield. Mass spectrum: (M ♦ H)* « 787. /H NMR (CDCIj) 60 60-0 80 
(m. 12H), 5.02 (3. 4H), 6.05 (br d, 1H). 8.95. 1H), 7.10-7 35 (m. 10H), 7 50 (br d. 1H). 7 95 (br d. 1H) 



ts 



20 



25 



Example 268 



2.5-Bts-(2-pyridyl-methoxycarbonyl-valinyl*^^ 

Using the resultant compound from Example 266C and the procedure described m Example 182. but 
replacing Cbz-Val with 2-pyndinyl-methoxycarbonyl-vaiine provided the desired compound in 74% yield. 
(M ♦H) « 789. H NMR (CDCb) 50.60-0.75 <m. 12H). 1 75 (m. 1H). 1.88 (m. 1H). 3.80 (m t 2H). 4.62 (m. 
1H). 4.80 <m. 1H), 508 (s. 2H), 5.10 <S, 2H), 6.10 (br d. 1H>. 705-7 40 (m. 15H). 7.50 (br d. 1H)! 780 (m 
2H). 8.0 (br d. 1H). 8 52 (m. 2H). 



Example 269 



5-(2-Pyridinyl-metnoxycarbonyi-valinyf-am 



35 



Using the resultant compound from Example 266C and reacting with the p-nitrophenyl ester of 2- 
pyridinyl-methoxycarbonyl-yaline in OMF provided the desired compound in 69% yield. Mass spectrum: 
<M*H)* « 555. H NMR (COCb) *0.90<d. 3H). 10 (d. 3H), 2.15 (m. 1H), 2.45<m, 1H). 2.80-3.20 (m. 4H>, 
3.82 (m. 1H), 4.05 (m, 1H), 4.58 (m. 1H), 5.27 (s. 2H), 5 50 (br d. 1H), 6.50 (br d. 1H). 7.10-7.40 <m. 12H). 
7.70 (m. 1H). 8.60 (d. 1H). 



Example 270 



4fr(t-Butylacetyl-amino)-5-(2*pyridinyl-^ 

Reaction of the resultant compound from Example 269 with t-butylacetyl chloride in dichloromethane 
and 1.1 equivalent of tnethylamine provided the desired compound in 77% yield. Mass spectrum: (M + H)* 
50 ■ 853. ! H NMR (COCI 3 ) «0 80 (s. 9H), 0.82 (d. 3H), 0.93 (d. 3H). 1.83 (q. 2H), 2.12 (m, 1H), 2.70-3.20 (m. 
4H), 3.80 (m. 1M). 3 95 (m, 1H>. 4.55 (m. 1H), 4.80 (m. 1H>, 5 20 (3, 2H). 5.35 (br d. 1H). 6.50 (br d. 1H), 
7.10-7.35 (m, 13H>, 7.70 (m. 1H). 8.60 (br d. 1H). 



55 



Example 271 



531 
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2-(N-Propyfsulfonylamino)-5-(2«pyri^ 

Reaction of the resultant compound from Example 269 and 1 equivalent of propane-sulfonyl chloride 
and 1.1 equivalent of triethylamine provided the desired product in 65% yield. Mass spectrum: (M + H)* * 
661. H NMR (COCh) 50.80 (d. 3H), 0.88 (m. 2H). 0.95 (d. 3H). 1.10 <t. 3H), 2.0 (m. 3H). 2.40 (m, 2H) t 2.85- 
3.15 (m. 4H), 3.30 <m. tH), 3.50 (m, 1H), 3.95 (m. 1H), 4.90 (m. 1H). 5.25 (m, 3H), 8.12 (br d. 1H), 7.20 (m 
12HK 7.70 (m. 1H). 8.60 (m, 1H). 



Example 272 



rs 



A. 4(ShBenzyl-5(RH3 (3 .3 *difluoro«2 »hydroxy»r-phenyl»propyl>-2-oxa20lidinone. 



20 



To a solution of 1 gm of the resultant compound fiom Example 266B in 20 ml of dry THF was added 
two equivalents of DIBAH in toluene at -78* C. After 1 hr. the reaction was quenched by careful addition of 
water. The reaction mixture was acidified with IN HCI and extracted with EtOAc (3x5 ml), washed with 
satd. brine and dried with anhy. Na^SCV Concentration and purification by SiO? column chromatography 
(20% EtOAc/CH 2 Cl2) provided 850 mg of pure product. Mass spectrum: M* « 347. H NMR (CDClj): 52.05 
(d. 1H), 2.80-3.10 (m. 4H), 4.20 (m, 1H), 4.30 (m, 1H). 470 <m, 1H). 5 0 (br s. 1H), 7 30 (m, 10H). 



23 



B. 5"Ben2yloxycarbonylamino-3.3*difluoro-2.4>dihydroxyi,6*diphenylhexane. 



To a solution of 100 mg of the .resultant compound from Example 272A m 5 ml cf dioxane and 5 ml of 
x water was added 226 mg of barium hydroxide octahydrate. After refluxmg for 3 hr and cooled to RT. the 
solution was filtered and concentrated in in vacuo. The crude material was dissolved in CHjCIj and 1.2 
equivalent of Cbz-NOS was added and the mixture was stirred at RT overnight. Concentration and 
purification by Si0 2 column chromatography (20% EtOAcCH 2 Cl 2 ) provided 120 mg of product. Mass 
spectrum: M* * 439. 



Example 273 



5-Cb2-valinyl-amino«3.3-dlfluoro-2.4»dihydroxy*1.6»diphenylhexane. 



50 



The resultant compound from Example 272B was deprotected by hydrogenolysis (PdC. H : ) and 
coupled to Cbz-Val-OH using the procedure described in Example 182 to provide the desired product 
(72%). Mass Spectrum: (M ♦ H)* ■ 539. *H NMR (CDCl 3 ): 50.75 {d. 3H). 0.88 (d. 3H), 2.15 (m, 1H). 2.70* 
3.05 (m. 4H). 3.88 (m. 1H). 4.0-4.20 (m, 2H). 4.40 (m, 1H). 4.50 (m. 1H), 5.05 (s. 2H), 5.10 (d. 1H), 6.46 (br 
d. 1H). 7.30 (m, 15H). 



Example 274 



55 



5-Cbz-vaiinyi-amino-3.3-difluoro*l .6*diphenyi-4»hydroxy-2-oxo-hexane. 



m 



Oxidation of the resultant compound from Example 273 with sodium dichromate in acetic acid provided 



5 32 
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10 



20 



30 



35 



the desired product. H NMR (CDCI,): 50.8 (d. 3H). 0.9 (d, 3H). 2.0 (m. 1H>. 2.80 (m, 1H), 3.28 ym, 1H) 3 90 
(m, 1H). 4 0 <br s. 3H), 5 0 (br s. 3H), 6.20 (br s. 1H). 7.25 (m. 15H). 



Example 275 



A. 4(S)-Benryl-5<RH3 (3 ^^ifluoro^^methanesulfonyloxy-r-phenyl-propyl^-oxazolldinone. 



To a solution of 250 mg of the resultant product from Example 272A in 5 ml of CH 2 CI 2 was added 
0.136 ml of tnethylaminp and 0.065 ul of methanesulfonyl chloride. After 2 hr at RT the mixture was poured 
into satd. bnne and extracted with CH 2 CI 2 (3 x 30 ml), dried and concentrated. Si0 2 column chromatog- 
ts raphy (10% EtOAc CH : Cl 2 ) provided 203 mg of product. 'H NMR (CDCh); 62.32 (s. 3H) 2 80-3 30 (m 4H) 
4.27 (m. 1H). 4.72 (m, 1H). 5.02 (br s 1H), 5.25 (m ( 1H), 7.30 (m. 10H). 



4fSVBen2yl-5(RH3 (3'.3'-difluorO'r»phenyl-trans«propenyl)-2-oxa20lid)none. 



To a solution of 200 mg of the resultant product from Example 275A in 10 ml of toluene as added 2 
equivalent of 0BU. After refiuxmg for 2 hr, cooled to RT the crude product was purified by SiOj column 
Chromatography to provide 77 mg of product. 'H NMR (CDCI,): 52.80-3.05 <m. 2H). 4.15 (m, 1H), 4 50 (m 
25 1H). 5.10 (br s. 1H). 8.20 (m, 1H). 7.05 (m. 1H>, 7.30 (m, 10H). 

4<$)-Benzyl-5(RH3 f (3'.3 T *difluoro*r-ohenyl-propylH2"Oxa2Qlidinone, 



The resultant compound from Example 275B was dissolved in 2 ml of methanol and stirred under 
hydrogen with 10% Pd C as catalyst. After 15 minutes fdtration and concentration provided the desired 
product (100%). H NMR (CDClj). 52.30 (m, 2H). 2.80-3.00 <m. 4H>, 4 20 (m. 1H) ( 4.32 (m 1H) 7 30 (m 
10H). ' ' 



D. 5'Ben.ryioxycarbonyi- v alinyl»amino«3.3'<3'ftuoro. i 6-diphenyM-hydroxyhexane , 

Opening of the oxa^ohdmone nng of the resultant compound from Examp'e 275C with barium hydroxide 
and coupling to Cbz-Vai-OH using the procedure of Example 182 orovided the desired product (70%) 'H 
NMR (CDCh): 50 80 <d. 3H). 0 90 (d. 3H). 2 10 <m. 3Ht. 2 70 (m. 2H). 3.0 (m, 2H). 3.70 (m. 2H). 3.95 (m, 
1H), 4.30 (m, 1Hh 5.10 (br s. 2H). 5 15 (br d, 1H). 6.45 (br d. 1H). 7.10-7.40 (m, 15H). 

Example 276 



W 5*Benjyioyycarbonyi»vaiinyl'amino-3.3-difiuoro-i.6*diphenyl-4-oxo*hexane. 

Oxidation of the resultant compound from Example 2750 using sodium dichromate in acetic acid 
provided the desired compound (70%). *H NMR (COCt 3 ) 50 82 <d, 3H), 0.90 (d. 3H), 2.05 (m, 1H), 2.35 'm. 
55 2H). 2.80 (t. 2H). 2 90 (m. 1H). 3.30 <m. 1H). 3.90 (m. tH). 5 10 <s. 2H). 5.12 (br d. 1H). 5.30 (m.'lH) 6 10 
(br d. 1H). 7.10-7 35 -m I5H) 
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Example 277 



3 5»Cbz«valinyl-am*no-3.3-difluoro»^^ 

To a solution of the resultant compound from Example 273 in CH^CI* was added 2 equivalents of 
triethylamine and 1.5 equivalents of isovaleryl chloride. After 2 hr at RT, the mixture was poured into dil. 
to HCI. extraction with EtOAc (3 x 50 ml), washed with satd. NAHCOi and brine, dried and concentrated. 
Purification by S1O2 column chromatography (10% EtOAcCH 2 Cl2) provided the desired product. 



20 



Example 278 

rs 

5*Cb2'valinyl"aminO"3,3^ifluoro«4-hydroxyM,6^iphenvl«2HSOpropylamino<arbonyloxy«hexane. 

To a solution of the resultant compound from Example 273 in CH2CI2 was added 1.5 equivalent of 
isopropylisocyanate and excess DMAP The solution was stirred at RT overnight. The reaction mixture was 
poured into dil. HCI and extracted with EtOAc (3 x 50 ml), washed with brine, dried and concentrated. 
Purification by S1O2 column chromatography (15% EtOAc CH 2 CI 2 ) provided the desired product. 

Example 279 



29 



30 



5^b2«valinyl«amino-3.3*difluoro*4«hydroxy*1.6-diphenyl-2-methoxy-hexane. 

To the resultant compound of Example 272A was added 2.2 eq. of sodium hydride in OMR at 0*C. 
followed by the addition of methyl iodide. After 2 h at RT. cone, and purified the product by silica gel 
column chromatography The resultant product was hydroiyzed with barium hydroxide to open the 
oxazolidinone ring and coupled to Cbz-Val-OH using the procedure described in Example 182. to give the 
desired product. 



Example 280 



* «s 5*Cb2-valinyl*amino-3,3*difluoro-4»oxo«l.6-diphenyi*2-methoxy*hexane. 

2 The resultant compound of Example 279' was oxidized with Na2Cr 2 0; in acetic acid to provide the 

desired product. 

50 

v Example 281 

A. N. N«Bis*(Cbz-valinylH2P. 3R. 4R. 5RH 6-bis-(2 ■pyndylthio)»2.5-diamino-3.4-0-isopropyiidenehexanedtoi. 
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A mixture of 171 uL (1.23 mmol) of triethylamine, 137 mg (1.23 mmol) of 2*mercaptopy- : dine and 200 
mg (0.308 mmol) of the resultant compound of Example 196A in 1.0 mL of dry OMF was stirred at ambient 
temperature overnight. The reaction mixture was concentrated under reduced pressure. The residue was 
purified by flerh chromatography on a 1.5 X 42 cm silica gel coiumn eluted with 50% ethyl acetate in 
3 hexane to give 211 mg (78.6% yield) of the title compound; FAB MS M/Z: 873 (M ♦H)*. The 300 MHz 'H 
NMR spectrum was consistent with the assigned structure. 



B. N,N-Bis-(Cbz-valinylH2R, 3R, 4R, 5R)-1,6-bis(2 , *pyridylthio)-2.5«diamino'3.4«hexanediol. 
io — 

A solution of 200 mg (0.23 mmol) of the resultant compound of Example 281 A in 7.0 mL of methanol 
containing 1 mL cf 0.1 N aqueous hydrochloric acid was stirred at 40 *C overnight. The solvent was 
evaporated under reduced pressure. The residue was dissolved in methylene chloride/methanol and the 
is resultant solution was washed with aqueous sodium bicarbonate solution and brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure to give the title compound as a white 
powder; FAB MS M/Z; 833 (M + H)\ The 300 MHz *H NMR spectrum was consistent with the assigned 
structure. Analysis calculated for C4:Hs 2 N«0 8 S2: C. 60.58: H. 6 29; N. 10.10. Found; C. 60.15; H t 6.29; N t 
9.97. 



Example 262 



25 

A N, N-Bis-(Cbz-valinytH2R. 3R. 4R, 5RH ,6-bis-(d -methyl-2 '-imdazoyl)thio)-2.5-diamino-3.4-<> 

isoprooylidenehexanedioi. 

30 To a solution of 196 mg (1.72 mmol) of 2-mercapto-l*methy (imidazole and 280 mg (0.431 mmol) of the 
resultant compound of Example 196A ; n 1.5 mL of dry DMF was added 240 uL (1.72 mmol) of 
triethylamine. The resultant solution stirred at ambient temperature overnight. The reaction mixture was 
concentrated under reduced pressure. The residue was purified by flash chromatography on a 1 .5 X 35 cm 
siiica gel column eluted with 10% isopropyl alcohol m toluene to give 287 mg (81% yield) of the title 

35 compound: FAB MS M Z: 879 (M ♦ H)\ The 300 MHz H NMR spectrum was consistent with the assigned 
structure. 



8. N.N*8is-(Cbz-vaiiny!H2R. 3R. 4R, 5R)- 1 ,6-bis*« 1 -methy 1-2 ■imdazoylUhio)-2.5-diamino«3,4«hexanediol 

A solution of 280 mg (0.32 mmol) of the resultant compound of Example 282A in 7.0 mL of methanol 
containing 0.1 mL of concentrated aqueous hydrochloric acid was stirred at 40 * C for 40 h. The solvent was 
evaporated under reduced pressure and methanol was added to the residue. The methanol was evaporated 
45 and the residue was treated with aqueous sodium bicarbonate solution. The preaoitate which formed was 
filtered to give 148 mg of the title compound; FAB MS M Z; 839 (M + H)*. 861 (M ♦ Na)\ 'H NMR (d*- 
DMSO) * 0.79 (d. 6H). 0 84 (d. 6H), 2.00 (m, 2H). 3,12 (d. 4H). 3.50 (s, 6H), 3.97 (dd, 2H), 4.08 (br dd. 2H), 
5 0 (q, 4H), 5.44 (br m. 2H>. 6.89 (d. 2H). 7 19 (d. 2H). 7 23 (d. 2H). 7 34 (m. 6H), 7.70 (d. 2H). 

50 

Example 283 



#5 N. N-Bis*fCbz-vai(ryiH2fl 3R. 4fl, 5R)-1 .6'bis><2 ■pyfmnidinyithtoH2.5»diaminO"3.4*0-*sopropylidenehexanedioi 



A mixture 0* 185 uL (1.335 mmol) of triethylamine. 150 mg (1.335 mmol) of 2-mercaptopynmidine 
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(commercially available from Aldrich Chemical Co.) and 217 mg (0 333 mmol) of the resultant compound of 
Example 196A in 2.0 mL of dry DMF was stirred at ambient temperature overnight. The reaction mixture 
was concentrated under reduced pressure. The residue was purified by flash chromatography on a 1 5 X 35 
cm silica gel column eluted with 10% isopropyl alcohol in toluene to give 219 mg (75% yield) of the title 
compound: FAB MS M Z: 875 (M + H) The 300 MHz H NMR spectrum was consistent with the assigned 
structure. Analysis calculated for CoH,*N,Ot$?: C. 59.04; H, 6.18; N, 12.81. Found' C 58 69* H 6 20* N 
12.6V 



a N,N-Bis-(Cbz-valinylH2R. 3R, 4R. 5Rh1.6-bis(2'>pyrim,dinylthio).2.5<»iamjno.3.4.hexanediol 



A solution of the res-jltant compound of Example 283A (205 mg, 0 234 mmol) in 10.0 mL of methanol 
containing 0.10 mL of concentrated aqueous hydrochloric acid was stirred at 40* C for 7.5 h. The reaction 

ts mixture was stirred for approximately 64 h at ambient temperature. Additional methanol* hydrochloric acid 
(5 mL) was added and the reaction mixture was then stirred for 8 h at 40 'C The solvent was evaporated 
under reduced pressure and methanol was added to the residue. The methanol was evaporated. The 
residue was dissolved m chloroform and the resultant solution was washed with aqueous sodium bicar- 
bonate solution and brine, dried over anhydrous magnesium sulfate, filtered and concentrated under 

20 reduced pressure to give 198 mg of the crude product The crude product was purified by flash 
chromatography on a 1.5 X 37 cm silica gel column eluted with 5% methanol in methylene chloride to give 
28 mg (14% yield) of the title compound; FAB MS M/2: 835 (M*H)V The 300 MHz "H NMR spectrum was 
consistent with the assigned structure. Analysis calculated for C^H^NtdS? ♦ HjO C 56 33- H 6 10 N 
13 14. Found: C. 56.47; H. 5.89: N. 13.13. 



25 



Example 284 



30 

A. N, N-Bis-(Cbz*valinylH2R. 3R. 4R, 5R)-i.6-bis-(cyctohexyithio)-2.5-dtamino>3 t ^O-isopfOpylidenehexanediol 

A mixture of 190 uL (1 366 mmol) of triethylamine. 158 mg (1 23 mmol) of cyclohexyimercaptan and 
35 222 mg (0.341 mmol) of the resultant compound of Example 196A in 3.0 mL of dry DMF was stirred at 
ambient temperature for 2 days. The reaction mixture was concentrated under 'educed pressure. The 
residue was purified by flash chromatography on a 1.5 X 40 cm smca gel column eluted with 40% ethyl 
acetate in hexane to give 211 mg (78.6% yield) of the title compound; FAB MS M Z: 883 (M + H)\ The 300 
MHz *H NMR spectrum was consistent with the assigned structure. Analysis calculated for Ct;H7«N*OsS2 
40 C. 63.95: H, 7.94; N. 6.35. Found: C. 63.86; H. 8.00; N, 6.31 



fL N.N-Bts«(Cbz-vannyiH2R. 3R. 4R SR)-l.6*bis-(cycioheifyithio)*2.S-diamino-3,4>hexanediol 



A solution of the resultant compound of Example 284A (120 mg, 0.136 mmol) in 3,0 mL of 
trifluoroacetic acid was cooled in an ice bath. To the cooled solution was added 3 mL of water and the 
solution was stirred for 5 h at 0'C. The solvent was evaporated under reduced pressure. The residue was 
purified by flash chromatography on a 1.0 X 37 cm silica gel column eluted with 20% ethyl acetate in 
M methylene chloride, foljowed by 40% ethyl acetate in methylene chloride to give the title compound; FAB 
MS M'Z: 843 (M + H) The 300 MHz H NMR spectrum was consistent with the assigned structure. 
Analysis calculated for CitH^N^OsSr C. 62.71; H, 7.84; N. 6.65. Found: C. 62.69; H. 7.84: N, 6.64. 



Example 285 
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N-Bi8-(Cbz«vfliinyiH2R. 3R, 4R, SRH .6«biS'(4'-pyfidylthio)'2,S-diamino>3,4«0»isoDropylide.tehexanediol 

A mixture of 204 uL (1.47 mmol) of triethylamine. 163 mg (1.47 mmol) of 4-mercaptopyhdine and 239 
5 mg (0.366 mmol) of the resultant compound of Example 196A, in 2.0 mL of dry DMF was stirred at 5' C for 
1 h and at ambient temperature for 4 h. The reaction mixture was concentrated under reduced pressure. 
The residue was purified by flash chromatography on a 1.5 X 43 cm silica gel column eluted with 5% 
methanol in methylene chloride to give 220 mg (68.6% yield) of the title compound; FAB MS M/Z: 873 
(M + H) . The 300 MHz *H NMR spectrum was consistent with the assigned structure. Analysis calculated 
w for C* 5 HsiN«OfS 2 : C. 61.86: H. 6 53; N. 9.62. Found: C. 61.49; H, 6.35; N, 9.57. 

B. N.N-Bis-(Cbz- v?tinylH2R. 3R. 4R. 5RH ,6-bis-(4-py r idy ithio)»2.S-diaminc»3,4.hexanediol 

?s 

A solution of the resultant compound of Example 285A. in 5.0 mL of methanol containing 40uL of 
concentrated aqueous hydrochloric acid was s!r rr ed at 40* C for 2 days. While the reaction mixture was 
stirring additional aliQuots (total 80 uL) of concentrated hydrochloric acid were added. The reaction mixture 
was allowed to stir over the weekend at ambient temperature and then another drop of concentrated 

20 hydrochloric acid was added. After stirring for a total of 4.5 days the solvent was evaporated under reduced 
pressure. Methanol was added to the residue and evaporated off under reduced pressure. The residue was 
purified by flash chromatography on a 1.5 X 45 cm silica gel column eluted with 10% methanol in 
methylene chloride, followed by 20% methanol in methylene chloride . The material obtained from the 
column was treated with 10 mL of methanol containing 0.10 mL of concentrated aqueous hydrochloric acid 

25 at 40* C for 5.5 h. The solvent was evaporated under reduced pressure. Methanol was added to the residue 
and evaporated off under reduced pressure.The residue was dissolved in methylene chloride>methanol and 
the resultant solution was washed with dilute aoueous sodium bicarbonate solution, dried over anhydrous 
magnesium sulfate, filtered and concentrated ;«^er reduced pressure to give 13 mg (6.2% yield) of the title 
compound; FAB MS M/Z: 833 (M.*H)\ H NMH (C0 3 OD) 5 0.91 (d. 6H). 0.93 (d. 6H>, 2.01 (m. 2H), 3.20 (br 

30 m. 4H). 3.90 (d. 2H). 4.27 (m, 2H), 4.77 (m. 2H), 5.1 1 (s. 4H>. 7.25-7 40 (m, 14H), 8.23 (d. 4H).. 



Example 286 

A. N, N*Bis-(Cb2-valinyiH2R. 3R. 4R, 5R)-1 .6*bis-(t-butyithiot-2.5'diamino-3,4*Q>i$opropyiidenehexanedtoi 

40 A solution of 157 mg (1.74 mmol) of t-butyimercaptan and 283 mg (0.435 mmol) of the resultant 
compound of Example 196A m 2.0 mL of dry DMF was cooled m an ice bath. To the cooled solution added 
242 uL (1.74 mmol) of triethylamine. The resultant solution was allowed to warm slowly to ambient 
temperature and it was stirred at ambient temperature overmght. The reaction mixture was concentrated 
under reduced pressure. The residue was purified by flash chromatography on a 1 5 X 35 cm silica gel 

45 column eluted with 20% ethyl acetate m hexane. followed by 40% ethyl acetate m hexane to give 173 mg 
(48% yield) of the title compound; FAB MS M/Z: 831 (M*H)\ The 300 MHz H NMR spectrum was 
consistent with the assigned structure. Analysis calculated for CoH$ ; N t 03S2: C. 62.17; H, 7.95; N. 6.74. 
Found: C. 62.34: H. 8.02; N. 6.74. 

50 

0 N.N«Bis*(Cb;-vaiinyiH2R. 3R. 4R. 5R)-t .6-bis*(t'butyithio)-2.5-d>amino>3.4-hexanediol 



A solution of the resultant compound of Example 286B (173 mg. 0.208 mmol) m 3.0 mL of 
55 tnfluoroacetic acid containing 0.4 mL of water was stirred at 0 C for 45 h. The solvent was evaporated 
under reduced pressure. The residue was purified by flash chromatograohy on a 1.5 X 39 cm silica gel 
column eluted with 50% ethyl acetate m hexane to give 78 {47 5% yield) of the title compound: FAB 
MS MZ: 791 (M+Hi* The 300 MHz H NMR spectrum was consistent with the assigned structure 
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Analysis calculated for CioH^NiOsSj: C. 60.76: H, 7.05; N, 7 09. Found: C. 60.50; H, 7.93; N. 7 



03. 



Example 287 



to 



is 



20 



A. N, N-Bi3«(Cbz-valinylH2R, 3R. 4R, SR)-1,6-biS'<ethylthio)>2.5«diamino>3>Q>t3opropylidenehexanediol 

A solution of 283 mg (0.435 mmol) of the resultant compound of Example 196A. in 2 0 mL of dry OMF 
was cooled in an ice bath. To the cooled solution was added 108 mg (1.74 mmol) of ethyimercaptan 
followed by 242 uL (1.74 mmol) of triethylamine. The resultant solution was stirred at 0* C for 4.5 h, allowed 
to warm slowly to ambient temperature and it was stirred at ambient temperature overnight. The reaction 
mixture was concentrated under reduced pressure. The residue was purified by flash chromatography on a 
1.5 X 37 cm silica gel column eluted with 50% etryl acetate in hexane to give 1 16 mg (34 5% yield) of the 
title compound; FAB MS M/Z; 775 (M*H)\ The 300 MHz *H NMR spectrum was consistent with the 
assigned structure. Analysis calculated for CjuH^mOtSj: C. 60.46; H. 7.49; N, 7.24. Found* C 60 24- H 
7.33; N. 7.16. 

B. N,N-Bis-(au-vaHnylH2R, 3R. 4R, 5Rh1,6-biS"(ethylthio)-2,5-diamino«3.4>hexanediol 



30 



A solution of the resultant compound of Example 287A (1 16 mg, 0.15 mmol) in 3.0 mL of trifluoroacetic 
acid containing 0.3 mL of water was stirred at 0*C for 2.5 h. The solvent was evaporated under reduced 
pressure. The residue was purified by flash chromatography on a i 0 X 35 cm silica gel column eluted with 
50% ethyl acetate in hexane to give the title compound: FAB MS M/2: 735 <M*H)\ The 300 MHz *H NMR 
spectrum was consistent with the assigned structure. Analysis calculated for Cj«HmN40iS 2 C 58 86 H 
7.38: N, 7.63. Found: C. 58.58; H. 7.33; N. 7 52. . • . . 



Example 288 

35 

(6S.7R.8R.9S)-6,9-Di*((N-toiuenesulfonyl)amino)-7,8-QMSoofopyiidenetetradecanediol 



*0 To a solution of 1.175 g (5.715 mmol) of cuprous bromide-dimethylsufide complex in 8 mL of 
anhydrous, oxygen-free THF at -40* C was added 4.57 mL fit. 43 mmol) of 2.5 M n-outyl lithium. The 
solution was stirred for 0.5 h at -40* C and then cooled to -60'C A solution of ~2S.3R.4R.5SH. 2:5.6- 
diimino*3.4-0-isopropylidenehexanediol (703 mg. 143 mmoUY L. Merrer. et ai. Heterocyctes, 1987. 25. 
541-548)) in ~16 mL of anhydrous, oxygen-free THF was added The solution was allowed to warm slowly 

48 to approximately -25 'C and stirred for 4 h at that temperature. The reaction mixture was treated with 10% 
concentrated ammonium hydroxide in saturated ammonium chloride solution and the aqueous mixture was 
extracted with diethyl ether. The organic solution was washea with onne. dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure. The residue was purified by flash chromatography on a 
1.0 X 27 cm silica gel column eluted with 20% ethyl acetate m hexane to give 0.414 g (47.8% yield) of the 

w title compound; OCI'NH, MS M l. 626 (M + NH*)\ The 300 MHz H NMR spectrum was consistent with the 
assigned structure. 



55 



B. N,N-8is-(Cbz-valinyiH2S. 3R. 4R. 5S)-6,9-diamino-7,8-Otsopropyhdenetetradecanedio! 

The resultant compound ol Example 288A. in 3 mL of anhydrous diethyl ether was added to -75 mL of 
liquid ammonia and small pieces of sodium metal were added until a blue color persisted for 5 minutes. 
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IS 



The reaction was quenched with ammonium chloride and the ammonia was evaporated. The residue was 
dissolved in diethyl ether and the ether solution was washed with dilute aqueous ammonium hydroxide and 
brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give the 
intermediate 8.9-diamino compound. The diamine (159 mg. 0.53 mmol) was dissolved in 5 mL of THF and 
the THF solution was cooled in an Ice bath. To the cooled solution was added 532 mg (2.12 mmol) of N- 
carbobenzyioxyvaiine. followed by 406 mg (2.12 mmol) of N-ethyl-N'-(dimethylaminopropyl)carbodiimide 
and 295 uL (2 12 mmol) of triethylamine. The reaction mixture was allowed to gradually warm to ambient 
temperature and was stirred at ambient temperature overnight. The solvent which had evaporated from the 
reaction mixture was replaced with 5 mL of THF and the mixture was stirred for 2 h. The reaction mixture 
was then diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate solution and 
brine, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The 
residue was purified by flash chromatography on a 1.5 X 35 cm silica gel column eluted with 30% ethyl 
acetate to to give 83 mg (20% yield) of the title compound; OCI/NH 3 MS M/Z: 784 (M ♦ NH* )*, 767 (M ♦ Hy 
: The 300 MHz *H NMR spectrum is consistent with the assigned structure. Analysis calculated for 
CoHuNtOi; C. 67 38: H, 8.62; N, 7.31. Found: C. 67 68; H, 9 02; N, 7.27. 



20 
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C. N,N-Bis-(Cbz-valinylH6S, 7R. 8R. 9S)-6.9-diamino-7,8-tetradecanediol 

A solution of the resultant compound of Example 2888 (80 mg. 0.1 mmol) in 3.0 mL of trifiuoroacetic 
acid containing 0.3 mL of water was stirred at 0* C for 4.75 h. The solvent was evaporated under reduced 
pressure. The residue was purified by flash chromatography on a 1.0 X 22 cm silioa gel column eluted with 
50% ethyl acetate in hexane to give 51 mg (45% yield) of the title compound; f H NMR (COCb) a 0.86 (t t 
6H). 0.92 (d. 6H), 0.98 (d, 6H), 1.20-1.33 (br m, 12H). 1.51-1.61 (br m. 2H), 2.12-2.22 <m. 2H). 3 39 (br s! 
1H). 3.55 (br s. 1H), 3.82-3.92 (m, 2H). 3.95 (dd. 2H). 5.10 (s. 4H), 5.10 <s. 4H), 5.20 (br d. 2H), 6.23 <d. 2H), 
7.30-7.40 (m. l0H).Analysis calculated for C«cH S2 N4 0«: C. 66.12: K 8.54; N, 7.71. Found: C. 66.04- H 8 59- 
N. 7.70. 



30 



Example 289 



& A. (2S.3R.4R.5Svt ,6-Diphenyl-2.5"di-((N-toluenesui>onyl)amino)*3.4«0«fsopfopyiide nehexanediol 

To a stirred suspension of 41 1 mg (2.0 mmol) of CuBr-Me2$ in 2 mL of ether at 0 # C was added 3.08 
ml (4.0 mmol) of 1.3 M phenyflithium in ether cyciohexane. After 30 minutes, a suspension of 246 mg (0.50 
40 mmol) of (2S.3R.4R.5S)-l.2:5.6-diimino-3.4-0-isoprooyiidenehexanediol (703 mg, 1 43 mmol (Y.L. Merrer, et 
al. Heterocycles, 1987. 25. 541-548)) was added m 20 mL. After 80 minutes, the reaction mixture was 
quenched with 10% NH4OH saturated with NH*Ci The ether layer was washed with brine, dried over 
magnesium sulfate, and concentrated under reduced pressure. Chromatography of the residue on silica gel 
with 7:3'hexane:EtOAc afforded 280 mg (86.4%) of the title compound. MS m/z 649 (M ♦ H) 

45 

B. N.N-Bis-(Cbz-vaiinylH2S. 3R. 4R. 5S)> 1 .6<liphenyi-2.5-diamino-3>hexanediol 

50 The resultant compound of Example 289A was converted to the title compound m a manner analogous 
to that described m Examples 288B and 288C. 



Examoie 290 



55 



A^ N,N-8is-<Cbz-/ahri-/!t>f2S. 3R. 4R. 5S)-i .6-dH4wmeihoyymethyiQiry)phenyl)-2.5-ciiamino«3 .4«heifanedioi 

539 165 
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Using the procedures of Example 289, but subsisting 4.(methoxymethyloxy)phenyllithium for phenyl- 
lithium in Step A provided the desired product. 

5 

B. N,N-Bls-(Cbz*valinylH2S, 3R, 4R, 5S)-1,6*di'(4-hydroxyphenyl)-2.5-diamino*3,4*hexanedioL 

to The resultant compound of Example 290A was hydroiyzed according to the procedure of Example 23B 
to provide the desired compound. 



Example 291 

rs 



2.4'Bis*<N-(Cb2*isoleucyl)amino)-1,5*dipheny)«3-hydroxypentane 

20 

The resultant compound of Example 12 (100 mg, 0.37 mmol). N-benzyloxycarbonyl-isoleucine p- 
nitrophenyl ester (428 mg. 1.1 mmol) and triethylamine (210 uL) were combined with 0.5 ml of dry 
acetonitrile and stirred together at ambient temperature for 0.5 h. Dry THF (10 mL) was added and the 
resultant solution was stirred at ambient temperature overnight. The reaction mixture was then diluted with 5 

25 mL of THF and 5 mL of 3 M aqueous sodium hydroxide solution was added. The mixture was stirred at 
ambient temperature for 0.5"h and then it was extracted with 100 mL of methylene chloride. The organic 
solution was washed with 3 X 25 mL of 0.5 M aqueous sodium hydroxide solution and brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The residue (319 mg) 
was dissolved in approximately 5 mL of chloroform and applied to a 1,0 X 40 cm column of 40 mesh silica 

30 gel. The column was eluted sequentially @ 5 p.s.i with 100 mL of chloroform, 100 mL of 0.5% methanol in 
chloroform and 100 mL of 1% methanol in chloroform to give 106 mg (37% yield) of the title compound: 
FAB MS M/Z: 765 (M ♦ H)\ The 300 MHz *H NMR spectrum was consistent with the assigned structure. 
Analysis calculated for C»sHs t N*07: C. 70.65; H. 7.38; N, 7 32. Found: C. 70.35: H. 7.52; N, 7 21. 

Example 292 



*o 2^Butyloxycarbonylamino)-4»(N-(Cbz*isoleucyl)amino)-i,5'diphenyl'3*hydroxypentane. 

The resultant compound of Example 11 (125 mg, 0 34 mmol). N-benzyloxycarbonyl-isoleucine p* 
mtrophenyl ester (196 mg, 0.51 mmol) and triethylamine (94 uL. 0.67 mmol) wore combined with 1.0 mL of 
dry THF and stirred together at ambient temperature overnight. The reaction mixture was then heated at 
reflux temperature for 3 h. The cooled reaction mixture was then diluted with 5 mL of THF and 5 mL of 3 M 
aqueous sodium hydroxide solution was added. The mixture was stirred at ambient temperature for 
approximately 0.5 h. and was then diluted with chloroform. The chloroform solution was washed with 3 X 25 
mL of 0.5 M aqueous sodium hyoroxide solution and brine, dned over anhydrous magnesium sulfate. 

so filtered and concentrated under reduced pressure. The residue (227 mg) was taken up in approximately 5 
mL of chloroform and applied to a 1 .0 X 45 cm column of 40 mesh silica gel. The column was eluted @ 5- 
10 p.s.i. sequentially with 100 mL of chloroform. 100 mL of 0.5% methanol m chloroform and 100 mL of 1% 
methanol in chloroform to give 169 mg (81% yield) of the title compound; FAB MS M/Z: 618 (M + H)\ The 
300 MHz 'H NMR spectrum was consistent with the assigned structure. Analysis calculated for 

55 CHH*7N 3 0e: C. 69.99: H. 7.67: N. 6.80. Found: C. 69.26; H. 7 52: N. 6.61. 
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A. 2,4-Bis-(N*(Cbz-valinyl)aminoH.5-diphenyl«3-pent/i a*bromoacetate. 

5 

The resultant compound of Example 70 (600 mg, 0.81 mmol) was dissolved in 8 mL of methylene 
chloride and 72 uL (0 9 mmol) of pyridine. The solution was cooled in an ice bath with stirring under a 
nitrogen atmosphere. a-Bromoacetyl bromide (181 mg, 0.9 mmol) was added in one portion and the ice 

'0 bath was removed. The reaction mixture was stirred at ambient temperature for 3 h and then diluted with 
150 mL of chloroform. The chloroform solution was washed with 150 mL of water, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. 

The residue (644 mg) was taken up in a mixture of chloroform and methanol and adsorbed onto 
approximately 1 5 g of 40 mesh silica gel in vacuo @ 40 *C. The silica gel with the product adsorbed onto 

'5 it was applied to a i C X 40 cm column of 40 mesh silica gel and the column was eluted @ -5 p.s.i. 
sequentially with 100 mL of chloroform and 100 mL of i% methanol in chloroform to give 378 mg (55% 
yield) of the title compound: FAB MS M2: 859 (M + H)\ The 300 MHz H NMR spectrum was consistent 
with the assigned structure. 

20 

B. 2.4-Bis-(N-fCb2-valinyi)aminoH ,5-diphenyl-3-pentyl (o-<4 -methyl- 1 -piperazinyi)acetate 



The resultant compound of Example 293A (175 mg, 0 204 mmol) and i-methylpiperazine (44 mg, 0.44 
25 mmol) were combined with 4 mL of freshly distilled THF and the reaction mixture was stirred at ambient 
temperature under a nitrogen atmosphere for 2 h. The reaction mixture was then concentrated under 
reduced pressure. The residue (218 mg) was taken up in appromimately 3 mL of 5% methanol in 
methylene chloride and applied to a 0.6 X 40 cm column of 40 mesh silica gel. The column was eluted @ 
-10 p.s.i. sequentially with 50 rnL of methylene chloride and 50 mL of 5% methanol in methylene chloride 
30 to give 170 mg (96% yield) of product. The product was dissolved in methylene chloride methanol and 
adsorbed onto - tg of 40 mesh silica gel. The silica gel containing the adsorbed product was applied to a 
0.6 X 45 cm column of 40 mesh silica gel and the column was eluted @ -10 p.s.i sequentially with 50 mL 
of methylene chloride. 50 mL of 0.5% methanol in methylene chloride. 50 mL of 1% methanol in methylene 
chloride. 50 mL of 2% methanol in methylene chloride. 50 mL of 3% methanol m methylene chloride. 50 
3$ mL of 4% methanol in methylene chloride and 50 mL of 5% methanol m methylene chloride to give 144 mg 
(82% yield) of the title compound; FAB MS M,Z: 877 (M*H)\ The 300 MHz H NMR spectrum was 
consistent with the assigned structure. Analysis calculated for C^H^N^O*: C. 68.47; H. 7.36: N. 9.58. 
Found: C. 88.32: H, 7 27; N. 9 54. 

Examoie 294 



45 2.4*Bts-(N-(Cbz-valinyi)aminoM.5-diphenyl-3-pentyi fa'T-morpholinoacetate. 



The resultant compound of Example 293A (198 mg. 0.231 mmol). and morphoiine (43 mg, 0.5 mmol) 
were combined with 4 mL oi freshly distilled THF and the reaction mixture was stirred at ambient 

so temperature under a nitrogen atmosphere for 4 h. A drop of triethylamme was added and the reaction 
mixture was concentrated under reduced pressure. The residue (241 mg) was dissolved »n 
methanolmethyiene chloride and adsorbed onto - 500 mg of 40 mesh silica gel. The silica gel containing 
the adsorbed product was applied to a 0.6 X 40 cm column of 40 mesh silica gel and the column was 
eluted @ -10 p.s.i. sequentially with 50 mL of chloroform. 50 mL of 1% methanol m chloroform. 50 mL of 

55 2% methanol in chloroform and 50 mL of 3% methanol in chloroform to give 186 mg (93% yield) of the title 
compound: FAB MS M 2; 864 (M + H)\ The 300 MHz "H NMR spectrum was consrstent-with the assigned 
structure. Analysis calculated for C*?H< • N*0«: C. 68 11 . H, 7.12; N. 8.11. Found: C. 67 99; H, 7.14; N. 8.09. 
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Example 295 



A. 2.^Bis-(N-(Cbz-vallnyl)aminoH ,5-dlphenyU3*pentvl 3'(chloromethyl)benzoate 



TO 



15 



The resultant compound of Example 70 (769 mg. 1.04 mmol) was combined with 3-(chloromethyl). 
benzoyl chloride (395 mg. 2.09 mmol) and pyridine (165 mg, 2.09 mmol) in 10 mL of freshly distilled 
methylene chloride. The reaction mixture was stirred at ambient temperature under nitrogen for approxi- 
mately 65 h and then diluted with 150 mL of chloroform. The chloroform solution was washed with 75 mL of 
water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The 
residue (1.59 g) was taken «jp in - 10 mL of methylene chloride and applied to a 1.5 X 45 cm column of 40 
mesh silica gel. The column was eluted @ -5 p s.i. sequentially with 200 mL of methylene chloride, 200 mL 
of 0.5% methanol in methylene chloride and 200 mL of 1% methanol in methylene chloride to give 275 mg 
(30% yield) of the title compound; FAB MS M/Z: 689 <M*H>". The 300 MHz *H NMR spectrum was 
consistent with the assigned structure. 



w B. 2,4-Bis«(N-(Cbz-valinyi)aminoH .S-diphenyf-3-pentyl 3«((4'-methyM *piperazinyl)methyl)benzoate 



25 



30 



The resultant compound of Example 295A (130 mg, 0 146 mmol) and 1-methylpiperazine (32 mg. 0 337 
mmol) were combined with 4 mL of freshly distilled THF and the reaction mixture was stirred at ambient 
temperature under a nitrogen atmosphere for 2 h. The reaction mixture was then heated at reflux for 18 h 
under a nitrogen atmosphere and concentrated under reduced pressure. The residue (160 mg) was taken 
up in appromimately 2 mL of chloroform and applied to a 0.6 X 45 cm column of 40 mesh silica gel. The 
column was eluted @ 5-10 p.s.i. sequentially with 50 mL of methylene chloride. 50 mL of 1% methanol in 
methylene chloride. 50 mL of 2% .methanol in methylene chloride. 50 mL of 3% methanol in methylene 
chloride, 50 mL of 4% methanol in methylene chloride and 50 mL of 5% methanol in methylene chloride to 
give 89 mg (80% yield) of the title compound; FAB MS M Z 953 <M ♦ H)\ The 300 MHz H NMR spectrum 
was consistent with the assigned structure. Analysis calculated for C^HigN^Oj; C. 70.56; H, 7.19; N. 8.82. 
Found: C, 70.22: H. 7 13; N. 8.63. 



Example 296 



2.4-BiS"(N«(CbZ'vaiinyl)amino)«1,5*diphenyl«3-oentyi 3-K1 -morDhcMno>methyi)t>enzoate 



50 



The resultant compound of Example 295A (133 mg, 0 15 mmol). and morDhoiine (26 mg. 0.30 mmol) 
were combined with 4 mL of freshly distilled THF and the reaction mixture was heated at reflux under a 
nitrogen atmosphere for 17 h. The reaction mixture was concentrated under reduced pressure. The residue 
(170 mg) was taken up m appromimately 1 mL of chloroform and applied to a 0.6 X 45 cm column of 40 
mesh silica gef. The column was eluted @ 10 p.s.i. sequentially with 50 mL of chloroform. 50 mL of 1% 
methanol in chloroform. 50 mL of 2% methanol in chloroform and 50 mL of 3% methanol in chloroform to 
give 84 mg (60% yield) of the title compound: FAB MS M Z. 940 (M*H)\ Analysis calculated for 
CtsHisNsOs+HiO: C. 68 94; H. 7 05; N, 7.31. Found: C. 69 15. H. 6.82; N. 7.27 



53 



Example 297 



A. 4-(Chloromethyl)ber20y! chloride 
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Benzoic acid (20 0 g. 117 mmol) was suspended in 100 mL of freshly distilled methylene chloride with 
stirring under a n.trogen atmosphere. Approximately 2 drops of OMF was added to the suspension followed 
by the dropwise addition of oxalyl chloride (29.7 g, 234 mmol) over a 0.5 h period. The reaction mixture was 
stirred at ambient temperature for 17 h. The reaction mixture was then concentrated in* vacuo @ 45-50 - C 
Toluene (30 mL) was three times added to the residual oil and removed by azeotropic distillation, The oil 
was then distilled under reduced pressure to give 20.8 g (94% yield) of the title compound; bp 139-149* c 
(12 mm Hg); 1H NMR (CDCI3) d 4.63 (S. 2H), 7.54 (d. 2H). 8.12 (d. 2H). 



B. 2,4-Bis-(N-(Cbz-valinyl)aminoH ,5-diphenyl*3-pentyl 4-(ch1oromethyl)benzoate 



The resultant compound of Example 70 (1.3 g. 1.76 mmol) was combined with 4*(chloromethyl)benzoyl 
chloride (1.0 g. 5.3 mmol) and pyridine (418 mg ( 5.3 mmol) in 10 mL of freshly distilled methylene chloride. 

rs The reaction mixture was heated at reflux under nitrogen for approximately 10 h and then diluted with 150 
mL of chloroform. The chloroform solution was washed with 75 mL of water, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue (2.1 g) was taken up in 
- 10 mL of chloroform and applied to a 1.8 X 45 cm column of 40 mesh silica gel. The column was eluted 
® -5 p.s.i. sequentially with 200 mL of methylene chloride. 250 mL of 0.5% methanol in methylene 

90 chloride and 600 mL of 1% methanol in methylene chloride to give 721 mg (46% yield) of the title 
compound: FAB MS M Z: 889 (M*H)\ The 300 MHz 'H NMR spectrum was consistent with the assigned 
structure. 



25 £. 2.4-Bis-(N.(Cbz-valiny l)amino)» 1 ,5-diphenyl-3-pentyl 4-((4'-methyl*r-piperazinyl)methyl)benzoate 



The resultant compound of Example 297B (200 mg, 0.225 mmol) and 1-methylpiperazine (45 mg. 0.45 
mmol) were combined with 5 mL of freshly distilled THF and the reaction mixture was heated at 45* C 

oo under a nitrogen atmosphere for approximately 64 h. The reaction mixture was concentrated under reduced 
pressure. The residue (245 mg) was taken up in appromimately 2 mL of chloroform and applied to a 0.6 X 
40 cm column of 40 mesh silica gel. The column was eluted @ 10 p.s.i. sequentially with 50 mL of 
chloroform and 50 mL of 1% methanol in methylene chloride to give 106 mg (37% yield) of the title 
compound; FAB MS M 2: 953 (M*H)\ Analysis calculated for C5;H<|N<Oi ♦ HjO: C 925 H 726 N 

35 8.65. Found: C. 69.06; H, 7 00; N. 8 60. 



Example 298 



2 < 4*Bis*(N*fCbr-vai)nyhamino)-l,5-dtphenyi-3-pentyi 4wf 1 '.mpr phoimoimethyQbenzoate 



45 The resultant compound of Example 297B (200 mg. 0.225 mmol). and morpholine (39 mg. 0.45 mmol) 
were combined w ( th 5 mL of freshly distilled THF and the reaction mixture was heated at 45* C under a 
nitrogen atmosphere lor approximately 64 h. The reaction mixture was concentrated under reduced 
pressure. The residue (249 mg) was taken up in appromimately 2 mL of chloroform and applied to a 0.6 X 
45 cm column of 40 mesh silica gel. The column was eluted @ -10 p.s.i. sequentially with 50 mL of 1% 

so methanol in methylene chloride, 50 mL of 2% methanol m methylene chloride. 50 mL of 3% methanol in 
methylene chloride ana 50 mL of 4% methanol in methylene chloride to give 163 mg <76% yield) of the title 
compound; FAB MS M Z: 940 (M*H)\ Analysis calculated for C ? sH« 5 N«Oi ♦ H : 0 C. 68.94: H, 27 05; N 
7.31. Found: C. 68.84: H, 6 80; N. 7 29. 

55 

Example 299 
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A. 2.4-Bis(t-butyloxycarbonylamino)-l ,5»diphenyl-3-pentanol 



70 



To a stirred solution of the resultant compound of Example tl {1.0 g, 2.7 mmol) in 20 mL of 
dichloromethane was added 0.77 g of di-t-butyldicarbonate. After 1 hour, 4 drops of diisopropylethylamine 
was added, and after 30 minutes, the reaction mixture was concentrated under reduced pressure 
Chromatrography of the residue on a 1.5 x 45 cm column of silica gel with 200 mL of chloroform and then 
200 mL of 99:1 chloroform:methanol afforded 1.19 g (94%) of the title compound. OCI IBU MS M/Z: 471 
(M + H) . The 300 MHz *H NMR was consistent with the assigned structure. 



B. 2.4*Bis»(t«butyloxycarbonyl)amino)-i .5-diphonyi«3-pentanone 



rs 



70 



Oxalyl chloride (380 mg. 3.0 mmol) was dissolved in 45 mL of freshly distilled methylene chloride and 
the solution was cooled to -78 'C under a nitrogen atmosphere. DMSO (469 mg, 6 0 mmol) was added to 
the stirred solution, followed 5 minutes later by a solution of 1.18 g (2 5 mmol) of the resultant compound of 
Example 299A. in 20 mL of methylene chloride. After the reaction m.wture was stirred for 50 mm at -78* C. 
1.75 mL (12.5 mmmol) of triethylamine was added. The reaction mixture was stirred for 5 mm at *78* C and 
then allowed to warm to ambient temperature and stirred at ambient temperature for i h. The reaction 
mixture was diluted with 100 mL of chloroform, washed with too mL of br.ne. dned over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure The residue was taken up in - 10 mL 
of methylene chloride and applied to a 1 0 X 45 cm column of s«i.ca gel The column was eiuted @ 5-10 
p.s.i. with 100 mL of methylene chloride and 100 mL of 1% methanol m methylene chloride to give 1 02 g 
(87% yield) of the title compound: DCI-NH3 MS M/Z. 486 (M ♦ NH4) ♦ . 469 (M ♦ H) ♦ 



00 



IS 



C. 2.4-Bis*(t-butyioitycartx>nyiaminowi,5-diphenyi*3-pentanone oxime 



The resultant compound of Example 2998 (217 mg. 0.46 mmoii. hydroxylamme hydrochloride (48 mg, 
0.69 mmol) and anhydrous pyridine (75 uL 0.92 mmol) were added to 10 mL of methanol. The reaction 
mixture was stirred at ambient temperature under a n.trogen atmosphere for 18 h. Additional hydroxylamine 
hydrochloride (48 mg) and pyridine (75 uL) were added and trie reaction mixture was stirred for 5 h. The 
reaction mixture was then concentrated under reduced pressure and the residue was dissolved m 100 mL 
of chloroform. The chloroform solution was washed with 50 mL of wate* dned over anhydrous magnesium 
sulfate, filtered and concentrated under reduced pressure The residue (250 mg) was taken uo m - 2 mL of 
methylene chloride and applied to a 0 6 X 45 cm column of smca get The column was eiuted sequentially 
with 50 mL of methylene chloride. 50 mL of 1% methanol <n methylene chloride and 50 mL of 2% methanol 
in methylene chloride to give 160 mg (72% yield) of me mie compound: DCINH3 MS MZ 50t (M ♦ NH*)\ 
484 (M*H)^. Analysis calculated for C;-H w N,0 *0 5H : O C 5 77 m. 7 77 N. 8 52 Found C 66 11 M 
7.50: N, 8.66. 



Examoie 300 



50 



2,4-Bis-(t-butytoxycarbonylamino)0,5*diphenyi-3-aminopentane 



53 



The resultant compound of Example 299 (134 mg, 0.277 mmol). was dissolved in 20 mL of methanol. 
10% Palladium on carbon (50 mg) and ammonium formate (350 mg. 5.5 mmol) were added and the 
reaction mixture was stirred at ambient temperature under one atmosphere of hydrogen for -64 h. The 
reaction was incomplete at this time and 100 mg of 10% palladium on carbon and 200 mg ammonium 
formate were added. The reaction mixture was stirred at ambient temperature under one atmosphere of 
hydrogen for -24 h. The catalyst was removed by filtration and the filtrate was concentrated under reduced 
pressure. The residue was dissolved m methanol and adsorbed onto - 500 mg of silica gel »n vacuo @ 
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45* C. The silica gel was applied to a 0.6 X 40 cm of silica gel and etuted @ 10 p.s.i. with CO mL of 2% 
methanol in methylene chloride. 50 mL of 3% methanol in methylene chloride, and 150 mL of 5% methanol 
in methylene chloride to give 20 mg (15% yield) of the title compound; 0CI/NH 3 MS M/2: 470 (M*H)*; 'H 
NMR (CDCI3) 57.35-7.00 (m. 10 H). 5.20 (d. 1H), 4.83 (d, 1H), 4.10 (m, 1H), 3.83 (m, 1H) f 3.0-2.5 (m. 5H). 
1.42 ($. 9H). 1.32 (s. 9H). 



Example 301 

to 

2.2-9is*(2 'PhenyM «(t-butoxycarbonylaminoH ^thyl)oxirane 

?5 Approximately 3 mmol of diaromethane was generated by standard procedures from N-methyl-N- 
mtroso-p-toiuenesuifonamide (sold by Aidnch Chemical Co. under the tradename Diazaid©) and distilled 
directly into a solution of the resultant compound o« Example 289B (100 mg, 0.21 mmol) in 2 mL of THF. 
The solution was then diluted with 10 mL of methanol and -13 mL of diethyl ether. The reaction mixture 
was stirred at ambient temperature for 18 h. The reaction mixture was protected from moisture by a drying 

so tube containing calcium chloride. The solution was concentrated under reduced pressure and the residue 
(106 mg) was taken up in -1 mL of methylene chloride. The methylene chloride solution was applied to a 
06 X 45 cm column of silica gel preequilibhated with hexane. The column was eluted @ 10 p.s.i 
sequentially wtth 50 mL of hexane. 50 mL of 5% ethyl acetate m hexane. 50 mL of 10% ethyl acetate in 
nexane. 50 mL of 15% ethyl acetate in hexane. 50 mL of 20% ethyl acetate in hexane. 50 mL of 25% ethyl 

7% acetate in hexane, and 50 mL of 5% methanol in methylene chloride to give 24.5 g (24% yield) of the title 
compound; OCI isobutane MS M 2; 483 (M ♦ H)*. 



Example 202 



A. 2.4*Bts-<N»(Cb2-valinyl)aminoH; .5-diohenyl»3»pentanone 



To a cold (*78 # Ci solution of :xaiyl chloride (93 mg, 0.73 mmol) m 11 mL of freshly distilled methylene 
chtonde was added, with stirring. 103 uL (1.46 mmol) of DMSO. To this soltuion at -78* C after stirring for 5 
minutes was added a solution cf the resultant compound of Example 70 (450 mg. 0.61 mmol) m 5.5 mL of 
methylene chloride DMSO (10 i) The reaction mixture was stirred at *78' C for -50 mm, triethyiamme (426 
uL. 3.0 mmol) was added and storing was continued for 5 mm at *78'C. The cold bath was removed and 
the reaction mixture was allowed to warm to ambient temperature. The reaction mixture was diluted with 
150 mL of chloroform. The chloroform solution was washed with 100 mL of brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was taken up m -3 mL 
of chloroform and applied to a 1.0 X 45 cm column of silica gel. The column was eluted with 100 mL of 
chloroform and 100 mL of 0.5% methanol in chloroform to give 376 mg (84% yield) of the title compound; 
DCINH3 MS M Z: 501 (M*NH.)\ The 300 MHz H NMR spectrum was consistent with the assigned 
structure, 



so B. 2,2-Bis-(2 -phenyl- 1 -(N*(Cbz-vaiinyl)amtno)' 1 -ethyDoxirane 



The resultant compound of Example 302A (370 mg. 0.5 mmol) was suspended in 50 mL of methanol at 
ambient temperature. THF was added (30 mL) until a solution was formed. Excess diazomethane was 
55 generated by standard procedures from N-methyl-N-ndroso-p-toluenesulfonamide (sold by Aldrich Chemical 
Co. under the tradename Diazoid 5) and distilled (in -50 mL of diethyl ether) directly into the solution of the 
ketone. The reaction mixture was stirred at ambient temperature for 17 h and then concentrated in vacuo at 
40 *C. The residue (410 mg) was taken up in 2 mL of chloroform and applied to a 1,0 X 45 cm column of 
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Example 303 



A. D'nnethyl-2,4-bis(phenylmethyl)-3-Qxoglutafat9 



20 



25 



JO 



was addeO ^ S^r m t ed ^ 100 mL °' me,han °' and 250 mo of t0 "' P al ^um on car^ri 
rSu^ h l^I S », W3S Shake " 3t ambien * tem P erature * atmospheres of hydrogenYor 

about 12 £ The catalyst was removed by filtration and the filtrate was concentrated under reduced 

STS^!! T" (7 r° m9> ,ake " " P " - 1S mL °' me,hy,ene ch,orid * anVapplj to a 1 0 X S 
™ ST- 1 ft 9 * ^ C °' Umn " M e ' Uted @ 5 P 8 -'- w,,h 150 mL <* '"ethy.ene Sonde to give 3W 
mg (58% y,e.d> of the title compound. The 300 MHz <H NMR was consistent with me assignefstrucre 

B. 0imethyl-2,4-bis(phenylmethyl)-3-hydroxyglutarate 

To a solution of the resultant compound of Example 3038 (370 ma 1 04 mmoii in ?n mi «i 

ST2!1?? ^r 16 " 1 ,9mPera,Ure 3 mtr0Qe " atmosphere w^add^ Z g \ ^l o , o 
sod.um borohydnde. The reaction mixture was stirred at ambient temperature for 1 h and then concentrated 

T't^T Pr68SUre ^ WaS c ^ vaoo ' a ^ ^ ,0 ml of methanol. The^sidueXm^ 

ZJ^m ,^ UP ,' n r e,hV,ene Ch,0fide and appNed t9a,0X45 «" of silica gel. The column Ta, 

??^2J2-n ° h T y,ene chioride - 100 mL ° f m% me,han °' in «« iSTirs 

T ^° 6,hy e " e Ch ' 0ride ,0 9ive ^ products The compound was recovered as the ma.or 
product in 49% y.eld (182 mg); DCI.NH3 MS M-Z: 374 (M * NH« )'. 357 (M ♦ H) ♦ . ' 



Example 304 



t. 2 4 'B'S-(pheny Imethy l)«3-h y drpx y -glutar ic acid 



SO 



tiO ma 0 7 tlT" ° 3038 ,12 ° mg ' 0 337 mm0 " ,,thium ^Kte monohydrat. 

30 mg. 0.71 mmol) were added to THF water ,41, and the soiut.on was stirred for -20 h at amtxent 
temperature under a nitrogen atmosphere. The reaction mature was d.luted w,th 20 mL of THF and 
adjusted to neutral pH *,tn strongty acidic -on exchange res.n HCR-S icommerc.ally available from Naico 
Co.) The nvxture was filtered through a mllleoore <0 4 5 u. Mter and the filtrate was concentrated under 
reduced pressure to give 120 mg of the title compound: OCl NH3 MS M Z 346 (M*NH.)' 

B. N.N -Bis-(i -oenzyicvcarbonyi^ -^ethyi-i -propyl)-? 4.t,;, p nen y imethyl).3-hydroxy9 l utaram,de 



55 



L ?, e o m "" U, t °' 2 - 4 - 0,s 'P hen V ,f "e<^ ( >;3^VCJrox y .qiutar l c ac.d (66 mg. 0.2 mmol) and valine 

m3 ST h k ^ 0 44 mm0 ° '° ° MF « 0 C " as aflded <**' h V cyanopnosphonate (67 mg. 0 Z 
mmol) fo.owed by tne.hy.amme ,123 mg. 0.88 mmol). The react.on m-.,.,re was stirred at 0*C under 
nitrogen .or 0.5 h and then ,t was allowed to warm to amp.ent -emperatur- The reaction mixture was stirred 
at ambient temperature for 18 h and was then oiiuted w.th 100 m L of chloroform, washed with 100 mL of 
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35 



water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced p.essure The 
residue (1.6 g) was taken up in ~1 mL of methylene chloride and applied to a 0.6 X 45 cm column of silica 
gel. The column was efuted @ 10 p.s.i. with 100 mL of methylene chloride. The residue was then taken up 
in -1 mL of methylene chloride and applied to a 0.6 X 40 cm columnm of silica gel. The column was eluted 
@ -10 p.s.i. with 50 mL of methylene chloride. 50 mL of 1% methanol in methylene chloride and 2% 
methanol in methylene chloride to give 93 mg (65% yield) of the title compound; FAB MS M/2; 707 (M ♦ H)- 



10 Example 305 



N.N -eis-n'-benzyloxycarbonyl^'-methyM '-propyl)-2.3.4,5.tetrahydroxyadipamide 



Valine benzyl ester p-toiuenesulfonate salt "06 g. 28 mmol) was partitioned between 200 mL of 
chloroform and 56 mL of 0.5 M aqueous sodium hydroxide solution. The organic layer was separated and 
washed with 75 mL of brine and 75 mL of 5% aqueous sodium bicarbonate, dried over anhydrous 

20 magnesium sulfate, filtered and concentrated under reduced pressure. Acetonitrile (25 mL) and mannosac- 
charodilactone (W.N. Haworth. et al, J. Chem. Soc.1944, 217) (1.8 g. 10.3 mol) were added to the residue 
and the reaction mixture was heated at reflux under nitrogen for 10.5 h. The reaction mixture was allowed to 
cool to ambient temperature and stirred at ambient temperature for -64 h. Acetonitrile (75 mL) was added 
followed by 25 mL of strongly acidic ion exchange resin (HCR-S) and the mixture was stirred at ambient 

25 temperature for 2 h. The resin was removed by filtration and the filtrate was concentrated under reduced 
pressure. The residue was taken up in -25 mL of methylene chloride and applied to a 2.8 X 55 cm column 
of silica gel. The column was eluted @ -5 p.s.i with 250 mL of methylene chloride and 1 L of 5% methanol 
in methylene chloride to give 5.26 g (86% yield) of the desired product. The product (267 mg) was further 
purified by chromatography. It was dissolved in -1 mL of methylene chloride and applied to a 0.6 X 45 cm 

30 column of silica gel. The column was eluted @-i0 p.s.i. with 50 mL of methylene chloride and 100 mL of 
2% methanol in methylene chloride to give 212 mg of the title compound: Et MS m z 589 (M ♦ H*j* H NMR 
5 0.87 (d. 6H). 0.93 (d. 6H). 2.18-2.30 (m. 2H). 4.05 (t. 2H), 4.14 <d. 2H). 4 25 (dd. 2H>. 4 58 (dd 2H) 4 67 
(d. 2H). 5.12-5.24 (dd. 4H). 7 30-7.40 (m, 8H). 7.62 (d. 2H). 



Exampte 306 



40 N.N -Bis-(1 *benzyioyycarbonyi*2 -methy|.i ^pfopyi)Q,4>dihydroyy-2.5-bis(phenyimethynadipamtde. 

A solution of 100 <0 68 mmol) of 2.3:4.5-dianhydro-0-iditol (R.S. Tipson et al. Carbohydrate 
Research. 1968. 7. 232-243) .n 5 mL of dichforomethane and 1 mL of OMSO was added to a solution of 

45 208 mg (1.64 mmol) of oxaiyt^ chloride m 10 mL of dichioromethane which had been treated with 257 mg 
(3.28 mmol) of OMSO at -78 " C After 15 minutes at this temperature 685 mg (6.8 mmol) of tnethyiamme 
was added and the resulting solution allowed to warm to room temperature. The resulting diaidehyde is 
punfed by chromatography on silica gel and then oxidized to dimethyl 2.3 4.5-dieooxyadipate according to 
the procedure of D R. W.H.ams. et at (Tetrahederon Letters. 1988. 5087-5090* The dieooxide is then treated 

so with the cuprate reagent prepared from benzyl lithium and CuBr-Me : S or CuCN in an ethereal solvent such 
as tetrahydrofuran or diethyl ether, to affored dimethyl 3.4-dihydroxy-2.5-bis(phenyimethyi)adipate. The 
resulting did is then protected as the b.sit-butyidiphenyisiiyi) ether by treatment with t-butyidiphenyisiiyi 
chloride in DMF m the presence of imidazole. Saponification of the diester with LtOH in aaueous THF. 
followed by acidification and coupling to vaune benzyl ester m the manner deserved m Example 304. 

55 followed by deprotection with tetrabutylammmonium fluonde m THF affords the title compound. 

Example 307 
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A. N.N -Bis«(1 ■ben2yloxycafbonyl-2'»m8thyl-r-propyl)>2.3,4.5'tetrahydroxyadipamide. 3.4-OHsopropylidene 



To a stirred solution of 5.00 g (8.49 mmol) of The resultant compound of Example 305. in 1000 mL of 
acetone was aded 3.3 mL of concentrated sulfuric acid. After 60 minutes at room temperature, the reaction 
mixture was diluted with i liter of dichloromethane and then neutralized with 8.3 mL of concentrated 
to ammonium hydroxide. The precipitate was removed by filtration, the filtrate concentrated under reduced 
pressure, and the residue purified by chromatography on silica gel with a hexane EtOAc gradient to afford 
3.93 g (74 %) of the desired product.H NMR (CDCIa) « 7 35 (s, 10H). 5.18 (abq, 4H), 4.58 (dd. 2H) 4 33 
(m. 2H), 4.20 (m f 2H), 2.22 cm. 2H). 1.41 (s. 6H), 0.90 (d. 6H). 0.94 (d. 6H). 

rs 

B. N,N -Bis-(1 -benzyloxycarbonyl-2-methyH -propyl)-2.5-bis(trifluoromethylsulfonyloxy)*3,4 t »dihydrox- 

yadipamide. 3,4-Q»ts?propylidene 

20 To a stirred solution of 159 mg (0.253 mmol) of the resultant compound of Example 307A in 3 mL of 
dichloromethane at -15 * C was added 0.051 mL (0.63 mmol) of pyridine and then 0.094 mL (0.56 mmol) of 
triflic anhydride. After 2 h, the temperature had increased to -10 " C, and the reaction mixture was diluted 
with 100 mL of dichloromethane. and washed with saturated aqueous sodium bicarbonate. The separated 
organic phase was dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 

25 Chromatography of the residue on silica gel with 98:2dichloromethane:methanol afforded 55 mg (24 %) of 
the title compound. FAB MS nvz 893 (M ♦ H)V 



20 



£ N,N«BiS*(r-^n2yloxycarbonyl*2'-methyl*r-propyl)«2.5-phenylthio-3.4>dihydroxyadipamide. 3.4-0- 

isopropylidene — — 



35 



To a stirred solution of 50 mg (0 056 mmol) of the resultant compound of Example 307B. in 5 mL of 
acetomtrile was simultaneously added 62 mg (0 58 mmoi) of thiophenoi and 28 mg (0.28 mmol) of 
tnethylamine. After 30 minutes at room temperature, the reaction mixture was concentrated under reduced 
pressure. Chromatography of the residue on silica gel with 98:2 dichioromethane:methanoi afforded 30 mg 
(66 %) of the title compound H NMR (CDCb) « 7 5-7 15 <m 22 H>. 5.16 (abq. 4H), 4.88 (s. 2H). 4.54 (dd. 2 
H); 3.84 (s. 2 H), 2.15 <m. 2 H), 1.47 <s. 6 H), 0.78 (d. 12 H). 



O. N.N -Bis-(1 ■benzytoxycarbonyi-2 -methyi-r-propyiH2.5'phenytthio-3.4-^ihydroxyadipa mide 

A stirred solution of 27 mg (0 033 mmol) of the resuttant compound of Example 307C m 2 mL of 
45 4:tacetonitrile:l0% aqeuous HCI was heated at 45 * C for 3 hours. The cooled reaction mixtures was diluted 
with 75 mL of dichloromethane. and then washed with 50 mL of water and then 25 mL of pH 6 phosphate 
buffer.The separated organic phase was dried over magnesium sulfate and then concentrated under 
reduced pressure. Chromatography of the residue on silica gel with 95 5 to 85.l5'dichioromethane:EtOAc 
afforded 6.5 mg of the desired compound. H NMR (CDCb) 5 7 45-7.20 (m. 22 H). 5.19 (abq. 4H>. 4 52 (dd. 
50 2 H), 4.47 (dd. 2 H). 3.92 (d. 2 H), 3.88 (d. 2H). 2.19 (m. 2 Hi. 0 80 <d.6 H). 0.78 (d.6 H). 



Example 308 



53 



2.4-B(S-fN-{Cbz-vaiinynamino)*l.5-diohenyi-3-oentyi 2-aminoacetate 



. 548 
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To a stirred* solution of 50 mg (0.058 mmol) of the resultant compound of Example 293A, in 1 mL of 
THF was added approximately ten equivalents of ammonia dissolved in THF. After 72 h. the reaction 
mixture was concentrated under reduced pressure. Chromatography of the residue on silica gel with a 97:3 
to 93:7JJichloromethane:MeOH gradient afforded 6.6 mg (14 %) of the title compound. FAB MS m/z 794 
(M*H) .'H NMR (CDCIj) 6 7.4-7.1 (m, 20 H), 5.08 (s. 4 H). 0.81 (d.3 H), 0.76 (d. 3 H), 068 (d 3 H) ( 0.62 (d 
3 H). 



Example 309 



Hi -(N-<Cb2-vaNnyl)amino).2'-cyclohexyl*1 '-ethylhl«(2"*(N-(Cb2-vahnyl)amino>-3 "«methyH ".1 "<fifluoro^1 *«butyl)- 



50 



oxirane 



To a solution of 16 mg (0.022 mmol) of the ketone product from Example 183 in 2 mL of THF was 
added 4 mL of an ethereal solution containing excess diazomethane. After 2 h at room temperature and 16 
hours at • 20 " C, the solution was warmed to room temperature and concentrated under reduced pressure 
20 to afford 16 mg of the title compound. OCl/NH 3 MS.757 (M ♦ H*), 774 (M ♦ NH* *).'H NMR (CDCI3) 5 7.37 (s, 
5H). 7.34 (s. 5H), 5.98 (d 1 H), 5.83 <d, 1 H), 5.32 (d. 1 H). 5.2-5 0 (m. 5 H). 4.62-4.40 <m, 2 H). 4.03-3 90 
(m, 2 H), 2.94 (bs. 1H), 2.78 (bs. 1H). 2.40-0.80 (m). 



& Example 310 



N,N-Bis-(Cb2-valinyl)-(2S, 3S. 4S. 5S)-l.6-diphenyl-2.5-diamino-3.4-hexanediol 



Oxidation of of 2.3:4, 5-dianhydro-D-iditoi (R.S. Tipson. et ai. Carbohydrate Research, 1968, 7. 232- 
243) as described m Example 306. but substituting THF for the dtchioromethane OMSO mixture as solvent, 
affords a solution of the corresponding dialdehyde. This solution is then recooied to -78 ' C, and treated 

35 with four equivalents (relative to the iditol) of phenyimagnesium bromide. The reaction mixture is then 
quenched with a pH 7 phosphate buffer and extracted mto ethyl acetate, dried over sodium sulfate, and 
concentrated under reduced pressure. The resulting dioi is treated with benzyl isocyanate. in the presence 
of either OMAP or diisopropylethylamine. in an inert solvent, such as benzene or THF. The resulting 
biscarbamate is then treated with 2 equivalents of NaH or ootassium t-butoxide in THF. The resulting diol is 

40 then treated with hydrogen over a Pd catalyst in a solvent such as MeOH to afford (2S. 3S. 4S. 5S)-3.4- 
dihydroxy-1,6-diphenyi-hexane-2.5-diamine. This is then converted into the title compound by treatment 
with Cbz-valine p-nitrophenyt ester in THF in the presence of tnethyiamme 

«s . Example 31 1 



2»(N-Ben2yl-N»(ben?yiQrycarbonyi)aminoHHt-bu^ 



A solution of 160 mg <0,27 mmol) of the resultant comoound of Example 117A and 117 mg (0.54 mmol) 
of 3-chloroperoxyberzo'C acid m 1 ml of dichloromethane was stirred at ambient temperature for 2 days. 
The resulting solution was. diluted with dichloromethane. washed seauennaiiv with aaueous sodium bicar- 
55 bonate and saturated brine, dried over MgSCV and concentrated Stirca gel chromatography of the residue 
using 10% ethyl acotato m hexane provided 150 mg <92%> of the desired compound (R, 0.50. 20% ethyl 
acetate in hexanet as an o»l. Mass spectrum: (M ♦ hi* » 607 
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Example 312 



5 2»Amino-5*(t'butyloxycarbonylamino)*1,8*diphenyl-3«hexene-3 ( 4^)xlde. 

A mixture of the resultant compound of Example 31 1 (152 mg) and 50 mg of 10% palladium on carbon 
in 50 ml of methanol was shaken under 4 atmospheres of hydrogen for 1 day. The mixture was filtered and 
to concentrated in vacuo to provide 92 mg (06%) of the desired compound. Mass spectrum: (M + H>* » 383. 

Example 313 

TS 

2,5*Di-(t«butyloxycarbonyiamino)"l.8»diphenyi-3-hexene-3,4-oxide. 

20 Using the procedure of Example 205 with the resultant compound of Example 312 provided the desired 
compound. 



Example 314 

25 



2,5-0<-(t-butyioxycarbonylaminohl,6*diphenyl*3-hy(iroxyhexane. 

oo 

A solution of the resultant compound of Example 313 in tetrahydrofuran was treated at ambient 
temperature with 2 molar equivalents of lithium triethylborohydnde (1.0 M in tetrahydrofuran). After 2 h. the 
solution was quenched with citnc acid, extracted with ether, washed with dilute aqueous NaOH and 
saturated brine, dried over Na 2 SO*. and concentrated. Silica gel chromatography provided the desired 
35 compound. 



Example 315 



A. 4»Azido-2.5-di-(t-buty loxycarbrnylamino)* 1 ,6-diphenyi-3-hydroxyhexane . 

4$ Using the procedure of Example 10C with the resultant comoound of Example 314 provided the desired 
compound. 



B. 4*AminO'2,5*dl«(t'bJtyioxycarbonylammo^1 ,6-dtphenyl«3«hydroxyhexane 
50 ~~ — ™ ~ """" 

Ussng the procedure of Example 11 with the resultant compound of Example 315 provided the desired 
compound. 

55 

Example 316 

550 
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(2S.3R,4R5S)-2.S«OHN-(quinol^ 

Ouinaldic acid was coupled to the resultant compound of Example 173 using the carbodilmide coupling 
3 procedure of Example 55 to provide the desired compound. 



Example 317 



10 



(2S,3S.4S,5S)*2,5>Dh(N-(valinyl)amino^3,4-dihydro)(y>l.6-diphenylhexane. 

is Using the procedure of Example 71 C with the resultant compound of Example 210 provided the desired 
compound. 



Example 318 



20 



25 



(2S.3S.4S.5S)-2,5-DHN-(quinolin^ 

Quinaldic acid was coupled to the resultant compound of Example 317 using the carbodiimide coupling 
procedure of Example 55 to provide the desired compound. 



30 



Example 319 



35 



(2S.3S.4R,5S)«2.S-DiWN-(valinyl)amtno)-3.4*dihyclroMv»i,6*diphenylheirane. 



Using the procedure of Example 71 C with the resultant compound of Example 209 provided the desired 
compound. 



Example 320 



*3 (2S.3S>R.5S>-2.5-Dt-(NMquinoline-2<artx>ny^ 

Quinaldic acid was coupled to the resultant compound of Example 319 using the carbodumtde coupling 
procedure of Example 55 to provide the desired compound. 



50 



Example 321 



55 



(2S.3R.4R,5S)'2.5*Oi-(N*findoi8«2*carbonyl)-valiny<-amino)-3.4>dihydroxy- 1 .6-diohenylhexane. 



551 
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lndole-2<arboxylic acid was coupled to the resultant compound of Example 173 using the carbamide 
coupling procedure of Example 55 to provide the desired compound. 



Example 322 



to 



(2S.3S,4S,5S)-2,5-Di-(N-(indole-2<arbonyl)^ 



xane. 



lndole-2-carboxylic acid was coupled to the resultant compound of Example 317 using the carbodiimide 
coupling procedure of Exampia 55 to provide the desired compound. 



t$ 

Example 323 



20 (2S,3R,4S.5S)-2.5-OHN-(indole-2<a^ 

lndole-2-carboxylic acid was coupled to the resultant compound of Example 319 using the cart>odiimide 
coupling procedure of Example 55 to provide the desired compound. 

25 

Example 324 

x 

(2S.3R.4R,5 SyS.2*S)-2,S-Pi-^ 

3,4-dihydrcxy-1 ,6-diphenylhexane . 

JS (1 Sy-2-(1-Cart)Oxy-3*methylbutylM.2.3.4.tetrahydropyrrolof3,4-o)indoi-3'One lithium salt, prepared ac- 
cording to the procedure of Kempf et. ai. (J. Org Chem 1990, 55. 1390) was coupted to the resultant 
compound of Example 171 using the carbodiimide coupling procedure of Example 1600 to provide the 
desired compound. 



Example 325 



<gS.3R.4R.5S. 2SySV2,5-DHN-(2-(1.^^ 

dihydroxy-1 ,6-diphenylhexane. 

(1 Sh2-{1^rtX3xy-2-methylDropyl)-l.2.3.4.tetrahydropyrrolo[3.4.bIindol*3-one lithium salt, prepared ac- 
w cording to the procedure of Kemof et. ai. (J. Org. Chem 1990. 55. 1390) was coupled to the resultant 
compound of Example 171 using the carbodiimide coupling procedure of Example 160D to provide the 
desired compound. 



55 Example 326 
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(2S,3R.4R,5S)-2.5-DHN-«(t-butyloxy)carbo^ 



Using the procedure of Example 201 A but replacing L-valine methyl ester hydrochloride with the 
5 resultant compound of Example 171 and replacing benzyl bromoacetate with t-butylbromoacetate provided 
the desired compound. 



to 



Example 327 



ts 



so 



— A - N * N-OHN-(t-butyloicv)cafbonyi)-(2S; 3R, 4R, 5S)-l .2:5.6-diimino-3,^Q-isopropy:idenehexanediol. 

Using the procedure of Example 205 but replacing <2S.3S.4S.5S)-2.5^iamino-3.4Kiihydroxy.l 6- 
diphenylhexane with (2S.3R,4R.5SH.2:5.6-diimino-3 4-O-isopropylidenehexanediol (Y L Merrer. et al 
Heterocycfes, 1987. 25. 541-548) provided the desired compound. 



B. (2S.3R,4R,5S)-2,5-Oi-(N-((t-b^ 

Using the procedure of Example 289A but replacing (2S.3R,4R.5SM.2:5.8-diimino-3 ( 4-0- 
is isopropylrdenehexanediol with the resultant compound of Example 327A and replacing phenyllithium with 
lithium 1-(N-methyl-N-(dimethylaminoethyl)amino-1-(2-lithiophenyl).methoxide (Tetrahedron Lett. 1983. 24, 
5465) provided the desired compound. 

30 C. (2S.3R.4R,5S)-2.5-Diamino-3 t 4^jihydroxy-1.6-di-(2'formytphenyl)*hexane Dihydrochloride. 



IS 



Using the procedure of Example 12 with the resultant compound of Example 327B provided the desired 
compound. 



Example 328 



(1R.2R.3 S.3 S)-1,2«DihydrOxy-1,2*biS*(1,2.3,4-tetrahydroisoQmnoltn-3-yl)-ethane . 



Using the procedure of Example 145A but replacing dihydrocmnamaidchyde and valine benzyl ester 
45 dihydrochloride with the resultant compound of Example 327C provided the desired compound. 



Example 329 



90 



(1R.2R.3 S.3 SH.2-OihydroxyO,2-bi$w2M(t-butyt)a^^ 

55 Using the procedure of Example 226 but replacing (2S.3R.4S.5S»-2.5-diamino-3.4-dihydroxy-i.6* 
diphenylhexane with the resultant compound of Example 328 provided the desired compound. 



553 
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Example 330 

5 N-ft-ButyloxycaftwnyQM^.S.^tetrahydroisoquinoline^^arboxylte Acid. 

Using the procedure of Example 205 but replacing (2S.3S.4S.5S)-2.5-diamino.3.4^ihydroxy-l 6- 
diphenylhexane with t .2.3.4-tetrahydroisoquinoiine-2-cartx»xylic acid provided the desired compound. 

to 

*L N-(t-Butyloxycarbonyl).i,2.3.4-tetrahydroisoquinoline"3-carboxylic Acid t-Butyl Amide- 
's The resultant compound of Example 330A was coupled to t-butylamine using the mixed anhydride 
coupling procedure described in Example 6F to provide the desired compound. 



20 



C. t, 2.3.4* Tetrahydroisoquinoline-3-carboxylic Acid t-Butyi Amide Hydrochloride. 

The resultant compound of Example 330B was deprotected according to the procedure of Example 12 
to provide the desired compound. 

0. 2.2-Oimethoxy. l .3*bis*(3-((t-butyl}aminoH:arbonyM ,2.3 .^tetrahydrotsoquinolin>2»yl)»propane. 

Using the procedure of Example 201 A but replacing L-valine methyl ester hydrochloride with the 
30 resultant compound of Example 330C and replacing benzyl bromoacetate with l,3-dibromo-2.2-dimethox- 
ypropane (J. Org. Chem. 1981. 46, 2532) provided the desired compound. 



JS 



t .3-8i$-(3-m-buty0amino>car bonyt- 1 ,2,3 4.tetrahydroisoqumoiirv2-yi>-propan-2-ol. 



The resultant compound of Example 330O (0 05 mmoi) was treated with 25 ml of 1:1 1 N 
HO tetrahydrofuran. After being stirred for 16 n. m e solution was concentrate .t. r The residue was 
taken up in methanol and treated with excess soo<um boronydnde. After i h. the solution was quenched 
40 with aqueous ammonium chloride, partitioned between chloroform and aqueous NaOH. dried over Na 2 S04. 
and concentrated to provide the desired compound 



E.xarnpie 33 t 

43 

t.3-Bis«(3*((t-butyl)amino)carbonyi^ecahydroisoquinoiin.2"yiHp ropaP - 2-ol . 

50 

Using the orocedure of Example 211 w.th t*e resultant compound of Example 330E provided the 
desired compound. 

53 E'arnp ? 332 

554 
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A. (2S,3S)-2.3-0-lsopropylideneM,4-bisM^^ 

dioT "~ — 



5 Using the procedure of Examaple 201 A but replacing L-valine methyl ester hydrochloride with the 
resultant compound of Example 330C and replacing benzyl bromoccetate with 2.3-isopropylidenethreitol 
1 ,4-ditosylate provided the desired compound. 



to Example 333 



A. (2S.3S)-2,3»0«lsoprooyiidene-l,4-bis*(3*(fr^ 

Using the procedure of Example 21 1 with the resultant compound of Example 332 provided the destred 
compound. 



70 



Fluorogenic Assay for Screening Inhibitors of HIV Protease 



The inhibitory potency of the compounds of the invention can be determined by the following method. 
A compound of the invention is dissolved in DMSO and a small aliquot further diluted witn DMSO to 
25 100 times the final concentration desired for testing. The reaction is carried out in a 6 X 50 mm tube in a 
total volume of 300 microliters. The final concentrations of the components in the reaction buffer are: 125 
mM sodium acetate. 1 M sodium chloride. 5 mM dithiothreitol, 0.5 mg/ml bovine serum albumin, 1,3 uM 
fluorogenic substrate. 2% (v/v) dimethylsulfoxide. pH 4.5. After addition of inhibitor, the reaction mixture is 
placed in the ftuorometer cell holder and incubated at 30* C for several minutes. The reaction is initiated by 
jo the addition of a small aliquot of cold HIV protease. The fluorescence intensity (excitation 340 nM, 
emmisron 490 nM) is recorded as a function of time. The reaction rate is determined for the first six to eight 
minutes. The observed rate is directly proportional to the moles of substrate cleaved per unit time. The 
percent inhibition is 100 X (1 • (rate in presence of inhibitor)/(rate in absence of inhibitor)). 

Fluorogenic substrate: Dabcyl*Ser-Gln-Asp*Tyr-Pro-!le-Val-Gln*EDANS wherein DABCYL « 4-<4- 
3$ dimethylaminophenyl)a20benzofC acid and EOANS * 5-((2-aminoethyl)amino)naphthaiene*l -sulfonic acid. 

Compounds of me invention inhibit HtV-1 protease at concentrations between 0.01 nM and 500.000 nM. 
Table 3 shows the inhibitory potencies of specific compounds of the invention against HIV-1 protease. 
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TARIFF. 1 

Percent 

Inhibition 



Inhibitor 
Concentration 
(micromolar) 



12 
34C 
35 
43C 
55 
59 
62 
65 
66 
68 
70 
160D 
161C 
162C 



75 
95 
68 
94 
37 
SO 
100 
79 
95 
51 
75 
47 
59 
63 



50 
270 
50 
270 
0.01 
0.01 
270 
0.1 
0.1 
0.91 
0.01 
0.005 
0.005 
0.005 
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'0 



30 



35 



30 



35 



40 



163C 
165C 
166C 
170B 
172B 
178 
182 
183 
202 
203 
206 
209 
210 
211 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
228 
229 
230 
231 



59 
40 
31 
40 
74 
58 
59 
70 
82 
62 
44 
56 
65 
67 
86 
73 
81 
84 
78 
45 
68 
62 
53 
78 
38 
62 
74 
44 
78 
69 
67 



0.0025 
0.005 
0.005 
0.01 
0.001 
0.005 
0.0025 
C.001 
0.1 
0.01 
0.01 
0.001 
0.001 

0.1 
0.005 
0.005 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.05 
0.1 
0.001 
0.005 
005 
,002 
,001 
,001 
005 



0. 
0. 
0. 
0, 
0. 



so 
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233 68 0.01 

235 45 0.01 

237 69 0.001 

238 35 0.1 

239 53 0.1 

240 52 0.01 

241 63 0.01 

242 31 0.01 

243 53 0.005 

244 33 0.001 

245 82 0.1 

246 81 0.1 

247 74 0.001 

248 33 0.01 

249 40 0.001 

251 60 0.1 

252 56 0.05 

254 79 0.05 

255 49 0.05 

258 46 0.01 

259 78 0.005 

264 45 0.005 

265 62 0.001 
267 92 0.005 

267 53 0.001 

268 71 0.001 

269 47 C.l 

270 48 0.01 
276 51 0.005 

280 41 0.01 

281 30 0.01 

283 7 0 0.1 

284 87 0.1 

291 52 C.00'5 

292 36 0.01 
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Antiviral Activity 

2 ml of medium containing , 0 U l of a , I 9 CU ' ,ure w " ****** times Ind eLl^' 8 . 
from the control culture without compound %L r ft ' ec,e< * ce,,s '"Abated with compound to supernatams 



90 



«-ompound of 
.Example 
55 
70 
160 
161 
162 
163 
165 
166 
169 
172 
174 
175 
206 
209 
210 
213 
215 
216 
218 
219 
220 
225 
237 



^ 5 o 
(aiicromola: 
0. 17-0.24 
0.3-0.8 
0.3-0.8 
0.6-1.1 
0.6-1.0 
0.6-1.1 
0.5-1.0 
6.1-9.4 

6.2- 11.2 
0.12 

1.1-2.7 
0.75-1.1 

2.3- 4.5 
0.01S-0.027 

0.05-0.07' 

0.54 

0. 10 
0.C4-0.1 

0.42 

0.C5-0. : 

0.09-0.13 
0.27 

0.4-1.6 



"so 

20 
120 
15 
20 
25 
>100 
>100 
21 
54 
11 
>100 
>10C 
25 
60 
>100 

30 
>10C 
>10C 
>10C 
>10C 
>10C 
>10C 

>ic: 
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10 



241 


2.4-5.0 


75 


242 


4 .50 


>100 


244 


0.5-1.0 


>100 


247 


0.25 


180 


248 


1.2-7.5 


>1CC 


249 


0.3-C.9 


45 


269 


0.11-0.22 


25 


269 


3-6 


130 


270 


4-15 


35 


286 


2-6 


20 



t5 



30 



35 



Additionally a decrease in infectivity of HIV as a measure of anti-HiV activity of the compounds of the 
invention can be assessed as follows: 

After incubation of the culture containing a compound of the invention as descrived above for 
70 approximately 6 days (range: 4-10 days), an aliquot (0.1 ml) of the supernatant was withdrawn. 5-fold 
dilutions were made in media, and these dilutions were then incubated with fresh H9 cells (4 X 10 5 cells ml) 
on a shaker for 2 hr at 37 *C. The resulting cultures were washed three times, resuspended m 2 ml of 
medium with and without compound, and incubated and maintained as above. Production of virus in the 
culture supernatant was monitored at various time points using the Abbott HIV-1 antigen El A. Loss of 
n infectivity was determined by comparing HIV antigen end point dilutions of cultures with and without 
compound. In this manner, the compound of Example 70 reduced the HIV infectivity 25-fold. 

The compounds of the present invention can be used in the form of salts derived from inorganic or 
organic acids. These salts include but are not limited to the following: acetate, adipate, alginate, citrate, 
aspartate, benzoate. benzenesuifonate. bisuifate. butyrate. camphorate. camphorsulfonate. digluconate. 
cyclopentanepropionate, dodecyisulfate. ethanesulfonate. glucoheptanoate. glycerophosphate, hemisulfate, 
heptanoate. hexanoate. fumarate. hydrochloride, hydrobromtde. hydroiodide. 2-hydroxy-ethanesuifonate. 
lactate, maleate. methanesuifonate, nicotmate. 2-naphthatenesuifonate. oxalate, pamoate, pectinate, persul- 
fate. 3-phenyioropionate. picrate. pivaiate. propionate, succinate, tartrate, thiocyanate. tosyiate. mesylate 
and undecanoate. Also, the basic nitrogen-contammg groups can be quaternized with such agents as 
toweralkyl haiides. such as methyl, ethyl, prooyt. and butyl chloride, bromides, and iodides: dialkyl sulfates 
like dimethyl, diethyl, dibutyl. and diamyi sulfates, long chain haiides such as decyl. lauryl, myristyl and 
stearyl chlorides, bromides and iodides, araikyi haiides tike benzyl and phenethyl bromides, and others. 
Water or oil-soluble or dispersibie products a^e thereby obtained. 

Examples of acids which may be employed to form pharmaceutical^ acceptable acid addition salts 
^ include such inorganic acids as hydrochloric acid, sulphuric acid and phosphoric acid and such organic 
acids as oxalic acid, maleic acid, succinic acid and citric acid. Other salts include salts with alkali metals or 
alkaline earth metals, such as sodium, potassium, calcium or magnesium or with organic bases. 

The compounds of the present inventicn can also be used m the form of esters. Examples of such 
esters include a hydroxyl-substituted compound of formula I which has been acytated with a blocked or 
45 unblocked amino acid residue, a phosohate function, a hemisuconate residue or a benzoyl group which is 
Substituted on the phenyl ring with -NRt; 5 Ri : - wherem R*; 3 ana Rio* are independently selected from 
hydrogen and toweralkyl or the group -NRiccRj;- forms a nitrogen containing heterocyclic ring. The amino 
acid esters of particular interest are glycine and lysme: however, other amino acid residues can also be 
used, including those wherein the ammo acyt group is -CfOjCHjNR^cRsc- wherein R 8C o and R 53 * are 
w independently selected from hydrogen and loweraikyi or the group -NR 8 coRj3* forms a nitrogen containing 
heterocyclic ring These esters serve as pro-drugs of the compounds of the present invention and serve to 
increase the sotubi'ity of these substances m the gastrointestinal tract. These esters also serve to increase 
solubility for intravenous administration of the compounds. These pro-drugs are metabolized in vivo to 
provide the hydroxyl-substituted compound of formula I. The preparation of the pro-drug esters 7s earned 
55 out by reacting a hydroxyl-substituted compound of formula I with an activated amino acyi. phosphoryl. 
hemisuccinyi or substituted benzoyl derivative as defined above. The resulting product is then deprotected 
to provide the desired pro-drug ester. 

The compounds of the present invention are useful for the treatment or prophylaxis of diseases caused 
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by retroviruses in mammals (especial^ h. m 

of acquired -mmune deficiency svnHrJL umans) an< * *e particularly useful §„. 

Total da„ y d ose adm^ H,V in '*<"on. ' USe ' U ' ' 0r th * batmen: or p rophylaxis 

from 0.001 to 10 mg kg body J2JJ ^ ° f div,ded *»es m av h. 

contain such amounts of SuTS V m ° re USua "V 0.0t to ? ™ n am0UntS " ' 0r e * am P'°- 

acceptable veh.cies and solvent ,ha? 'T K P e as 8 so,u,,on ' 3-butanedioi a! .J 

Suppos-tories for rectal administraton of 2! T prepara " on °' Electables 9'ycendes. 
nonirritating excipien, such as cocoa ^ bZr and ^ ^? * Pr6Pared ° y m " ,n * *• *ug w„h a su,.ab.« 
tures but 1?u ,d a( the recfa| *mS^3S^^^ « — - o^VCe^ 

Solid dosage forms for oral administration mL ■! , !, 8 r9cfum and re ' e «e the drug 

in such solid dosage forms, the acCcZl^ZT T** 9 - ,ab,e,s - pi,ls - ^ders. and granules 
sucrose lactose or starch. Such dosage Zs 1? ? i * ntaad Wi,h a « ,e «« d-luen' ucT as 

ssr ubLt than inert d,,uen,s ' •£ ■ssjTw sr^ * ^ -ss 

caosutes. tablets, and p.iis. the dosaoe fnrm« ~* *y en <5 sucn as magnesium stearate in the r«* 

water. Such compositions may also comprise adiuvam, commonly used in the art. such as 

m9 5We9,9n,n9 - - 'perfumTg a ents " ^ *™«V"* « -seen" 

~^W^^CS5S ' n 'J ,0rm " AS - — - - art 

mono- or multilamellar hydrated HouiH I™ " ™* f Npid Substa "«s L»DOSOmes are fnrmoH k.. 

physiotogi Cally acceptab(9 and mt^XS^^^ aqU90US Any non^ 

compos.t.on, ,„ lip osome form can contain in addmnn Z . 9 '-Posomes can be used. The presem 

anti,nfec«ive agents or vaccines. OmJTS J?^* am.v,ra, agent ^"e 

of the present .nvention include AL-721. beta interferon ^ comb " 1a: '<'" a com DO und 

tnsod.um phoschonoformate. HPA-23 elZ p P °' yman T noa «tate. ganoc'ov.r. d,deoKycyt,d"r- 

mmunomoduiator, ,h at can Ce admin, s ,ered ,n comb^a'cn w 2 JT > ra ac vc^ov,r 

nciude brop.r.m.ne. Am p( ig e n. anti-human alpha interfe 1 3 compou ^ of (he present inv en !(Cn 
mreg.,. ,mreg. 2 . .iethy.Ch.ocarbamate. -nterleu 2 2 ZI ,°T ^ S " mu,at,n 3 CL24 6 738 
•«eohal,n. muram y! . tr , P eo„de. TP- 5 . ery,hrop£ 5 TnaL Z 1 ' n ° S,ne D ' ano6ex - ^^.h.cn.ne en 
acen„ ^ car , be aCninistere(j J! J^^^^ ^ 

*th a compound of the present -nvention .nc'ude 
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pentamidine isethionate. Any of a variety of HIV or AIDS vaccines can be used in combination with a 
compound of the present invention. 

It will be understood that agents which can be combined with the compounds of the present invention 
for the treatment or prophylaxis of AIDS or an Hiv infection are not limited to those listed above, but include 
5 in principle any agents useful for the treatment or prophylaxis of AIDS or an HIV infection. 

When administered as a combination, the therapeutic agents can be formulated as separate composi- 
tions which are given at the same time or different times, or the therapeutic agents can be given as a single 
composition 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
to disclosed compounds. Variations and changes which are obvious to one skilled m the art are intended to be 
within the scope and nature of the invention which are defined in the appended claims. 
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1. A compound of the formula: 
A-X-B 
wherein X is 
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wherein Rt and Rj are independently selected from 
& <1) hydrogen. 

(2) loweralkyl. 

(3) hydroxyalkyl and 

(4) alkoxyalkyl; and 

Rao* and Rjoj are independently selected from 
40 (1) hydrogen. 

(2) alkoxyalkyl. 

(3) thioalkoxyalkyl and 

(4) alkoxyalkoxyalkyl: 
R2oj is loweratkyl; 

45 R 20* is loweralkyl; 

Rj:i and Rj:» are independently selected from 

(1) hydrogen 

(2) loweralkyl 

(3) alkoxyalkyl; 

so R is hydrogen or halogen; 

R' is hydrogen, halogen, loweralkyl, -NHj, -NHfloweralkyl) or -OR:c« wherein Rjci is defined as above; 

R* is -NHj, -NH(loweraikyi) or -0R;:« wherein R 2 c* is independently defined as above; 

R* is halogen; and 

q is 2 or 3; 
S3 A is 

(1) substituted amino. 

(2) substituted carpony!. 

(3) functionalized imino. 

5S3 
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(4) functionalized atkyl, 

(5) functionalized acyl, 

(6) functionalized heterocyclic or 

(7) functionalized (heterocyclic)alkyl: and 
5 8 is 

(1) substituted carbony! independently defined as herein. 

(2) substituted amino independently defined as herein, 

(3) functionalized imino independently defined as herein, 

(4) functionalized aikyl independently defined as herein. 
io (5) functionalized acyl independently defined as herein. 

(6) functionalized heterocyclic independently defined as herein or 

(7) functionalized (heterocyclioalkyl independently defined as herein; 
or a pharmaceutical acceptable salt, ester or prodrug thereof. 

2. The compound of Claim 1 wherein A is functionalized aikyl or functionated acyl: 8 is functionalized 
*5 aikyl or functionalized acyl; and X is -CH(OR 2S ' -CH(OR 55 - )CH(OR 2 c 2 K -C(0)-C<R)<rV or -CH<R VC(R)- 
(R h wherein R 2: - and R:: 2 are independently selected from hydrogen, alkoxyalkyl. thioaikoxyalkyl and 
alkoxyaikoxyaikyl; R is hydrogen or halogen; R' is hydrogen, halogen, loweraikyl. -NH 2 . -NHdoweraikyl) or 
-OR 2 3« wherem R ;c « tS hydrogen, loweraikyl or alkoxyalkyl; and R* is -NH : . -NH(loweralkyl) or -OR 2 -i 
wherein R 2 « is independently defined as above. 
so 3. A compound of the formula: 
A-X-B 

wherein X is -CH(OR:;-K -CH(OR 2 o')CH(OR;::)-. -CfO-CfRHRV or -CH(R VC(R)(R)- wherein R :: . and 
R302 are independently selected from hydrogen, alkoxyalkyl. thioaikoxyalkyl and alkoxyaikoxyaikyl; R is 
hydrogen or halogen: R is hydrogen, halogen, loweraikyl. -NH 2 . -NH(loweralkyl) or -OR 255 wherein R 23 * is 
25 hydrogen, loweraikyl or alkoxyalkyl; and R* is *NH 2 . -NH(loweralkyl) or «OR:c« wherein R 22 « is indepen- 
dently defined as above; 
A is 

(1) substituted amino. 

(2) substituted carbony I. 
30 (3) functionalized imino. 

(4) functionalized aikyl. 

(5) functionalized acyl. 

(6) functionalized heterocyclic or 

(7) functionalized (heterocyciic)alkyl; and 
36 B is 

(1) substituted carbony! independently defined as herem. 

(2) substituted ammo independently defined as norem. 

(3) functionalized imino independently defined as herein. 

(4) functionalized aikyl independently defined as herem. 
*o (5) functionalized acyl independently defined as herem. 

(6) functionalized heterocyclic independently defined as herem o' 

(7) functionalized (heterocycltc)alkyl independently defined as herem; 
or a pharmaceutical acceptable salt, prodrug or ester thereof. 

4. A compound of the formula: 
45 A-X-B 

wherein X is -CH(OR 2 o-)CH(OR 2 c 2 >- wherein R 2: . and R :22 are independently selected from hydrogen, 
alkoxyalkyl. thioaikoxyalkyl and alkoxyaikoxyaikyl; and A and B are -CH(Z)(Rj) wherein R 3 is (aryt)aikyl or 
(heterocyclic)alkyl and 2 is -N(R S )(G> wherein R« is hydrogen or loweraikyl and G is R^;-Ri:o-C(T)-E*CH- 
(Ri >-C<T)-where»n R-; is (aryl)alkyl or (heterocyclioalkyl, R f: ; is 0, S or -N(Rr wherein R.; is hydrogen 
so or loweraikyl. T is independently selected at each occurrence from 0 or S. E is O, S or -NH- or -N- 
(loweraikyl)- and Rj is loweraikyl; 

or a pharmaceutical^ acceptable salt, prodrug or ester thereof. 

5. A compound of the formula: 
A-X-B 

55 wherein X is OCH(OR 2 c-)-. -C<0)-C(R)(R )- or -CH(RVC(R)(R V wherein R 23 . and R 2;2 are independently 
selected from rv/drogen. alkoxyalkyl, thioaikoxyalkyl and alkoxyaikoxyaikyl; R is halogen; R halogen: and 
R is -NH 2 . -NHdoweraikyl) or -OR 2 c« wherein R 3 ; 5 is hydrogen, loweraikyl or alkoxyalkyl; and 
A and B are -CHrZuR]) wherein R 3 is (aryl)afkyi or (heterocyclioalkyl and Z is -N(R ? )(G) wherem R 9 is 
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hydrogen or loweralkyl and Q j S R,,.R.„„.r/Ti c ru,a 

alky.. R, 08 i, 0. S or .N(R.„. wherein Rt^th^ ^T^herem R., „ (aryl)alkyl or (heterocyc(ic) . 
occurrence from 0 or S, E is 0 S or NH o r * « '"T^ T " '^cted a. each 

or r « ZTT accepta ° ie s sa ° ( ; x oitrrr R) ,s m * 

<2S 3R 4^T, U e n W ,f0m ,h6 9 fOU P """Stmg Of: 
dipVe^^ 

or a pharmaceutical!,, acceptable salt, prodrug or ester thereof. 

«^o°cc?°, U ri SeleC,ed ' r0m ,he 9 roup consisting of: 
^• 3S - 4S -5S>-2.5.^A.<(2* y r,d.n yl ^ 

or a pharmaceufcaiiy acceptable salt, prodrug or ester thereof. <3ipheny.he.ane. 
8. A compound selected from the group consisting of: 

and 3 "'^* 58 ^*^'"^ 

(Z&3R.4R.5S)-2.5-D.-(N.((3.p y r.d l n y l)methox y carbon y l).valiny|.amino>-3.4^ih y drox y .16.diohenvlhexanA 
or a pharmaceutical^ acceptable salt, prodrug or ester thereof O'Phenyihexane. 

arAll^!^^ 

or a pharmaceutical^ acceptable salt, prodrug or ester thereof. 

10. 2.5-Bis-(2-p y rid y l-methox y carbon y i-valin y |.amino)-1.6-diphen y |.3.3-difluoro-4.hydroxyhe X an e or a 
pharmaceutical^ acceptable salt, prodrug or ester thereof nyoroxynexane. or a 

nJofturCment' 1 ** ^ jnhibitin9 3 re,r0V,,a ' Pr ° ,eaS ° ^,n ls ,ra«,on to a mamma, in 
12. The compound of claim 1 1 wherein the retroviral protease .s HlV-t protease of HIV-2 protease 

nJilSZSl? C ' aim 1 ^ tfea,,nQ ' re,r0V,ral m,eCt, ° n by aCJm,niStra,l °" to a 

14. A pharmaceutical composition for treatmg a retroviral -nfection compr, s .ng a pharmaceutical carrier 
and a therapeutically effective amount of the compound of Claim t . armaceuuca. earner 
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